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VO ME of the Principal Dit 

J coveries and Enquiries, both 
in Phyficaland Mathematical Lear- 
ning, being regifter’d in the Volu- 
minous Journals of the Royal So- 
ciety, are amongft a multitude of 
lefs ufeful Matters, fo Obfcurely 
hid, that but very few inquifitive 
Gentlemen ever fo much’as ‘heard 
of them. : | . | 
Phe Defign therefore of the en! 


fuing Colleé ion,is to diseftin a con. 


w 


venientMethod,all the moft curious 


Philofophical and Mathematical Dit. 


Ufe of Life, ‘or Advancement of 


coveries, as they are to be met with, 


_ Arts and Sciences, 


— 


A oe ee And 


T he Preface. 


And on this Occafion, it-will be. 
convenient to intimate to the Rea. 
der ; 

Firft, That the Theories and 
Difcourfes-here colleécted;have al- 
ready paftthe Cenfure of the Lear- 
ned World: Who have acknow- 
leg’d them the moft fatisfactory 
Accounts of Nature’s Proceedings, 
wherein fome of her. greatelt 
Depths are fathom’d, and a Foun- 
dation laid for Pofterity to build 
an infinite Super ‘fir MAUT Ep 

Secondly, That they are related 
(Verbatim) juts as they were delive- 
red in, or read before the Aoyal 
Soct sety: Vor it has been the Opi- 
nion of the moft Judicious. amone ft 
thole Honourable. Meméers, thatit 
1S impoffible fo to abridge them, 
(which are but Abridgments them. 
felves) as not to render fhte ob- 
{cure and unintelligible, loichyy 


mh 
e gu 3 
: pita 


A 


= 


XY AN. Eftimate of the Pie Se Wapours 


TABLI 


nom jag . Hae ® ble wf iH kg 


Difeues concaidod in 1 this 


‘olume. | 


seg Gos 


a  raifed out of the Seay as: derived: from 
Excperiment « Together with an Account of the 
Circulation of the wat’ ry Vapours of the Sea, 


>. dnd of the Caufe of Springs. Prefeated to.the 


Royal Society by: Mr. FB EB. Halley, . ER Sa. et 


The True Theory of the Tides, extratted from that 
_. admired. Treatife of Mr. VWaac Newton, Yari- 


~ tuled,. Philofophiz Naturalis Principia: Ma- 
thematica : 5, veing a. Difcourfe prefented with — 
that Book,to the late “~—s Linde : Mr E. 
Halley. 13 

A Theory of the Variation of the. Megaetical 
Compafs, by Afr. E» Halley... | 3827 

Jn, Account oe the Caufe of the Change. of the Va- 
riation of the Magnetical. Needle... with an 
Hypothesis is of the Structure of the Internal 


Parts 


n g 


The TABLE. 
Page 


Parts of the Earth; as it was prefented to the 
Royal Socieryin- one” “Of their” late~ reas 
by Mr. BE. Halley. 

‘An Hiftorical, Account of the Trade-Winds Si 
Monfoons, obfervable in the Seas between and 
near the Tropicks ; with an Attempt to af- 
Rae. Phyfi ao Canfe a the faid Winds, eA 
Past a a We Riile of the Decreafe of be 
Heighth of the Mercury iz the Barometer, 
according as Places are elevated above the Sur- 
face of the Barth; with an Attempt to difco- 

wer the trueReafon of the rifing and falling of 


the Mercury; ‘upon Change’ of Weather, = 


Mr. BK. Halley. 

‘A Letter from Mr. Waac Neivton, while Pues sf 
for of the Mathematicks in the Univerfity of 
Cambridge ; containing bis new Theory about 
~ Light. and Colours : Sent from Cambridge, 
foi ee 6. 1653: 73° th vider to bi cena ci to 


be Sy ee 


an 


containing fome Propofals oe the Improvement 
avo tee a Pek prefented pe Dub- 
‘ling Soviety by the Right Reverend Father in 
God Netcis, atl og agp ar Ferns und. 
Leighlin. ~-- 121 
A Difcourfe concerning the Modern ‘Fheory of: 
Generation, by Dr. Gee. ‘Garden, of Aber- 
“= deen, being part of a Letter to Dr. William 
“1 Mulgrave BLD Ds Reg. SOc. Si and by 
- him ws diegecaaci to di coe Sacketye A 4 2 


oe 


” Mr. aac Newton’s Theory of the Moon. ..270 
“in Eftimate of the Degrees of the Mortality of 


igs 
Se ee 
oe nee 


_ «the Honourable Fran. Roberts, Efq; F. RB: &. 


The TABLE 


o e Oe ka once ee 
A fhort Difcourfe concerning Concoétion: Read 


at a. Meeting of the Royal Saciety, by, Clop- 


~ ton, Havers, 42, D. Fellow of the. Reyal: So- 


nbgehys <x 


“A Difcourfe concerning fome Influence of Refpi- 


‘ration, a7 the Motion of the Heart. hitherto une 
obferved. By J. Drake, 44. D. F. B.S. 173 


Some Thoughts.and Experiments concerning Vege 


tation. .By John Woodward, 14. D. ‘of the 
Collece of Phyficians and Royal Society, gnd 
‘Profeffor.of Physick. in Grefham-College.. 205 


An Account of the Meafure of “Gold. upon ‘Gilt 


Wire, together with ‘a Demonjtr ation. of the 
"exceeding Minutenefs of the Atoms, or. conftie 

_ tuent Parts of GOI, as it was read before the 
~ Royal Society, by AGE. Halley. 24 
“An Account of Dr. Robert Hook's Invention of 
the Marine Barometer,with its Defcription 
and Ufes. Publifhed by Order-of~the--Royal 
Society by Mr. E. Halley. 252 


A Difcowrfe coacerning the Proportional Heat 


of the Sun in all Latitudes , with the Method 
_ of collecting the fame; as it was read before the 

_ Royal Society. ia one of their late Meetings, o 
Mr..E. Halley. | eet A sli 
Concerning the Diftance of the Fixed Stars, by - 


277 


Mankind, drawn from Curious Tables of Births 
end Bunerals at the ay of Breflaw 5 with az 
Attempt to afcertain the Price of Annuities 
. upon Lives, by Mr. BE. Halley. 28a 


tA 


The T A B LF: 

a Page 
(A Difcourfe concerning Gravity, and its Proper- 
_.. ties, wherein the Defcent of Heavy. Bodies, 
_*, and the Motion of Projects, is briefly, but fully 
.. handled: Together with the Solution of a Pro- 
“blem of great Vie in Gunnery, by fr. E. Hal- 
ning ACY 34: iaeg BOF 
A. Propofition of General Ufe in the Art of Gun- 
_nery, fheming the Rule of laying a Mortar to 
<~ palsy 1 order to trike any Objett above or be- 
Low the Horizon, by Mr. EB. Halley. 326 
LA Difcourfe concerning the Meafure of the Air’s 
- “Refiftance to Bodies moved in it. By the Lear- 
ned John Wallis, 5, 7.D. and E.R. S.. 334. 

_ An Inftance of the Excellency of the Afodern Al- 
_.. gebra,ia the Refolution of the Problem of finding 
is 2 Foci of. ptick, Glaffes univerfally. By 
<°~ Me. En Halley, SR. Ss 350 


. 
— 
. 


Corrections made by Mr. I/aac Newtoxto 
hy arched ,thle Leeory Of the Moon. 


“PYAGE 270. 1.19. 1. foall fearce' be above trv Minutes 
(GE in ber Syzygys, or above three in ber Quadratures. 
pe 2786]. LQ. £35 min. 645 min, “ib. 1. 27. -f. 247, 
Te 267. . ib. lL. ult. f. O fec, re 40 fete pe 272. be 5< 
obs 247 To 267. pe 274. 1. 32, 33; f. compared x. computed. 
es eg td 326. 1. 15. f. by rebut. * pe 325. 1. 23. fil-|- bb bb 
Srp BBP hb. * fe | ~~ SRE TS — ' — 


o ‘ : Dib, 


e\e% wi 4 6 . . . tA . 4 - . ; : 
: Peele ; of . : ‘ 
fw iw dé whee hes 6 - - 4 - » 
A . d 
Go & ¥ * et A <a : 3 ww ie fe ‘ 
~~ ~ ~ 


Mifcellanea Curiofa. 


in Eftimate of the Quantity of Va- 
pours rasfed out of the Sea, derived 
from Experiment: Together with 
an Account of the Circulatwn of: the 
watry Vapours of the Sea, and of 
the Caufe of Springs ,prefented to tbe 
Royal Socsety, Met ieee + 


By Mr. E. Halley, F.R.S. 


HAT the Quantity of Aqueous Va- 

pours contain’d in the Medium of the 

Air, is very confiderable, feems moit 

| evident from the great Rains and 
Snows which are fometimes obfetv’d to fall, to 
that degree, that the Water thus difcharg’d 
out of the Interftices of the Particles of Air, is 
in weight a very fenfible part of the incum= 
bent Atmofphere : But in what proportion 
thefe Vapours rife, which are the Sources not 
only of Rains, but alfo of Springs or Fountains 
(as I defign to prove) has not, that I know of, 
been any where well examin’d, tlio’ it feem to 
be one of the moft neceflary Ingredients of a 
Real and Philofophical Meteorology, and as 
fuch to deferve the Confideration of this Ho- 
B nourable 


4 Mifcellanea Curiofa. 
nourable Society. I thought it might not be 
unacceptable to attempt by Experiment to de- 
termine the Quantity of the Evaporations of 
Water, as far as they arife from Heat, which 
upon Trial fucceeded as follows. FER: 

We took a Pan of Water, about 4 Inches 
deep, and 7 Inches ?, Diameter, ‘in which we 
placed a Thermometer, and by means of a Pan 
of Coals, we brought the Water to the fame 
degree of Heat, which is obferved to be that 
of the Air in our hotteft Summer ; the Ther- 
mometer nicely fhewing it: This done, we af- 
fixed the Pan of Water, with the Thermome- 
ter in it, to one end of the Beam of a Pair of 
Scales, and exactly counterpois’d it with weights 
in the other Scale; and by the application or — 
removal of the Pan of Coals, we found it very 
eafie to maintain the Water in the fame degree 
of Heat precifely. Doing thus we found the 
weight of the Water fenfibly to decreafe ; and 
at the end of two hours we obferved that.there 
wanted half an ounce Troy, all but 7 grains, or 
233 grains of Water, which in that time had 
gone off in Vapour ; tho’ one could hardly per- 
ceive it fmoke, and the Water were not fenfi- 
bly warm. This Quantity in fo fhort a time 
feemed very confiderable, being little lefs than 6 | 
ounces in 24 hours, from fo fmall a Surface as 
a Circle of 8 Inches Diameter. ‘To reduce this 
Experiment to an exact Calculus, and deéter- 
‘mine the thicknefs of the Skin of Water that 
had fo evaporated, I affume the Experiment al- _ 
ledged by Dr.Edward Bernardto have been made 
in the Oxford Society, viz. That the Cube-foot 
Englifh of Water weighs exaétiy 76 Pounds 
Trey; this divided by 1728, the number of 
Inches in a’ Foot, will give 253; grains or 2 

: ounce 


Mifcellanea Curtofa. 2 
ounce 13} grains for the weight of a Cube-inch 
of Water ; whereforethe weight of 233 grains 13 
233 or 35 Parts of 38 of a Cube-inch of ‘Water. 
Now the Area of the Circle whofe Diameter 1s 
985 Inches, is 49 fquare Inches, by which divi- 
ding the Quantity of Water evaporated, wiz. 
38 of an Inch, the Quote ?3.. or 3; fhews that 
the thicknefs of the Water evaporated was the 
33d part of an Inch ; but we will fuppofe it only 
the oth part, for the Facility of Calculation. 
If therefore Water as warm asthe Air in Sum- 
mer, -exhales the thicknefs of a soth part of an 
Inch in two hours from-its whole Surface, in 12, 
hours ‘it will exhale the 7, of an Inch; which 
Quantity will-be found abundantly fufficient to 
ferve for all the Rains, Springs, and Dews; and 
acount for the Ca/pian Sea, being alwaysat a ftand, 
neither wafting nor overflowing ; as likewife for 
- the Current faid-to fet always in at the Streights 
of Gibralter, tho’ thofe Mediterranean Seas re- 
ceive fo many and fo confiderable Rivers. — 

To eftimate the Quantity of Water arifing 
in Vapours out of the Sea, J think I ought to 
confider it only for the time the Sun is up, for 
that theDews return in thenight, as much ifnot 
_more Vapours than are then emitted 3 and in 
Summer the Days being longer than 12 hours, 
this Excefs is ballanced by the weaker Action 
of the Sun, efpecially when rifing before the 
Water be-warmed: So that ifI allow 4 of an 
Inch of the Surface of the Sea, to be raifed per 
diem in Vapours, it may not be an improbable 
Conjecture. ae | 
Upon this Suppofition, every to fquare Inches 
of the Surface of the Water, yields in Vapour 
e diem a Cube-inch of Water; and each fquare 
oot half.a Wine-pint ; every Space of 4 Foot 
| Ba iquare 
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Square, a Gallon; a Mile {quare, 6914 Tons} 
a fquare Degree fuppofe of 69 Englifh Miles, 
‘will evaporage 33 Millions of Tons ; And if the 
Mediterranean be eftimated at forty degrees 
long and four broad, allowances being made 
for the Places where it is broader, by thofe 
where it is narrower (and I am fure I guefs 
at the leaft) there will be 160 Square de- 
grees of Sea; and confequently, the whole 
Mediterranean muft lofe in Vapour, in a Sum- 
mer’s day, at leaft 5280 Millions of Tons.. And 
this Quantity of Vapour, tho’ very great, is as 
little as can be concluded from the Experiment 
produced: And yet there remains another Caufe, 
which cannot be reduced to Rule, I mean the 
Winds, whereby the Surface of the Water is 
licked up fome times fafter than it exhales by the 
heat of the Sun; as is well known to thofe that 
have confidered thofe drying Winds which blow 
fometimes. 7 

To eftimate the Quantity of Water, the Me- 
diterranean Sea receives from the Rivers that 
fall into it; is a very hard ask, unlefs one had 
the Opportunity to meafure their Chanels and 
Velocity ; and therefore we can only do it by 
allowing more than enough; that is, by affu- 
ming thefe Rivers greater than in all probabi- 
lity they be, and then comparing the Quantity 
of Water voided by the Thames, with that of 
thofe Rivers whofe Waters we defire to com- 
pute. 

The Mediterranean receives thefe confidera- 
ble Rivers ; the Jberus, the Rhone, the Tiber, 
the Pe, the Danube, the Neifter, the Boryftenes, 
the Tanais, and the Nile; all the reft being of 
uo great Note, and their Quantity of. Water 
inceniiderable: Thefe nine Rivers, we. will 
Pps fuppofe 
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fuppofe each of them to bring down ten times 
as much Water asthe River Thames; not that 
any of them is fo great in reality, but to com- 
prehend with them all the fall Rivulets that 
fall into the Sea, which otherwife I know not 
how to allow for. — Pees 

To calculate the Water of the Thames, Laf- 
fume that at Kizgffox Bridge where the Flood 
never reaches, and the Water always runs down, 
the breadth of the Ghanel is 100 Yards, and 
its Depth 3, it being reduced to an Equality 
(in both which Suppofitions I am fure I take 
withthe moft) hence the Profil of the Water 
in this Place is 300 fquare Yards: This multi- 
plied by 48 Miles (which I allow the Water to 
run in 24 hours, at 2 Miles an hour) or 84480 
Yards, gives 25344000 Cubick-yards of Water 
to be evacuated every day ; that is, 20300060 
Tons per diem; and I doubt not, but in the ex- 
cefs of my Meafures of the Chanel of the 
River, I have made more than fufficient al- 
lowance for the Waters of the Brent, the’ 
Wandel, the Lea, and Darwent, which are al] 
worth notice, that fall into the Thames below 
| Kingfton, ; SG | 
__ Now if each of the aforefaid 9 Rivers yield 10 
times as much Water as the Thames doth, twill 
follow that each of them yields but 203 Milli- 
ons of Ton per diem, and the whole 9 but 1827 
Million of Tons in a day; which is but 
little more than } of what is proved to be 
raifed in Vapour out of the Mediterranean in 
12 hours time. Now what becomes of this 
Vapour when rais’d, and how it comes to pafs 
that the Current always fetsin at the Mouth, 
of the Streights of Gibralter, thall immediately 
be fhew’d: But firft it is neceflary to adver- 
cy eee 3 tife 
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tife the Reader, that in making the Experi- 
ment herein mention’d, the Water ufed: had 
been falted to the fame degree as is the com- 


mon Sea-water, by the Solution of about a 40th 
part of Salt. 5 | 


He & thus fhew’d by Experiment theQuan- 
- A tity of Water raifed in Vapour from the 
Surface the Sea in a Days time, which was fo far 
approved of by fome Honourable Members. of 
this Society, that Lreceived their Commands to 
profecute thefe Enquiries. and particularly, in 
relation to the Method ufed by Nature, to re- 
turn the faid Vapours again into the Sea ; which 
is fo, juftly performed, that in, many hundred 
of Years we are fufficiently affured that the Sea 
has not fenfibly decreafed by the lofsin Vapour ; 
nor yet abounded by the immenfe Quantity of 
frefh it receives continually from. the Rivers. . 
To. demonftrate this Equilibre of Receipt and 
Bxpence in) the whole Sea is a Task too hard 
for me. to undertake, yet in obedience to thofe 
whom I have the Honour to ferve,.I fhail here 
offer, what to me has hitherto feem’d the moft 
fatisfatory Account of this grand Phenomenon: 
I havé in another place.attempted to explain 

the manner of the rifing.of Vapour by Warmth, 
by: fhewing, that if an,Atom of.Water, were 
expanded into. a Shell or Bubble, fo. as to.be 
ten times.as big in’ Diameter. as when, it was 
Water ; fuch an Atom would become. {pceif- 
cally lighter than Air; and, rife fo, long, as,that 
Flatus or warm Spirit that firft-feparated it 
from the Mais of Water, fhall continue to di- 
{tend it to'the fame Degree; and that warmth 
declining, and the Air grewing cooler and with. . 
alfo fpecifically lighter 5 the Vapours,confe= 
5 | quently 
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quently fhall ftop at a certain Region of the 
Air, or elfe defcend, which may happen upon 
feveral. accounts, as I fhall by and by endea- 
vour to'make out; yet L undertake not that 
this is the only principal of the rife of Vapours, 
and that there may not be a certain fort of 
Matter whofe Conatus may be contrary to that 
of Gravity; asis evident in Vegitation, where- 
in the Tendency of the Sprouts is directly up- 
wards, or againft the Perpendicular. But what- 
ever is the true Caufe, it isin Fact certain, that 
warmth does feparate the Particles of Water, 
and emit them with a greater and greater Ve- 
locity, asthe heat is more and more intenfe ; 
as is evident in the Steam of a boiling Caul- 
dron, wherein likewife the Velocity of the af= 
cent of the Vapours does vifibly decreafe till they 
difappear, being difperfed into and aflimulated — 
with the Ambient Air. Vapours being thus 
raifed by warmth, let us for a firft Suppofition 
put, that the whole Surface of the Globe were 
all Water very deep, or rather that. the whole 
Body of the Earth were Water, and that the 
Sun had his diurnal courfe about it: I take it, 
thatiit.would follow, that the Air of it felf 
would imbibe a certain Quantity of aqueous Va- 
pors, and retain them like Salts diffolved in 
Water; that the Sun warming the Air, and 
railing amore plentiful. Vapour from the Water 
in the day-time, the Air would fuftain a greater 
proportion of Vapour, as warm Water will hold 
more diflolved Salts, which upon the abfence of 
the Sun in the Nights would be all again dif- 
charg’d in -Dews, analogous to the Precipita~ 
tion of Salts.on the cooling of the Liquors; nor 
_ #8 dt to, be believed that: in fuch Cafe there 
would be any diverfity of Weather, other than 

B 4 periodically, 
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Periodically, every Year alike ; the mixture of 
all terreftrious, faline, heterogenious Vapours 
being taken away, which as they are varioufly 
compounded and brought by the Winds, feem 
to be the Caufes of thofe various Seafons which 
we now find. In this cafe the Aiery Regions 
every where, at the fame height, would be e- 
qually replenifhed with the Proportion of Water 
it could contain, regard being only to be had 
to the different degree of warmth, from the 
nearne{s or diftance of the Sun; and an eternal 
Bait-wind would blow all round the Globe, in- 
clining only to the fame fide of the Eas#, as the 
Latitude doth from the Equator; as is obferved 
in the Ocean between the Tropicks. 

Next let us fuppofe this Ocean iuterfperfed 

with wide and fpacious Traéts of Land,’ with 
high Ridges of Mountains, futh as the Pyrenean, 
the Alps, the Apenniue, the Carpathian in Europe, 
Taurus .Caucafus Imaus, and feveral others in 
Afia, Atias and the Montes Lune, with other 
unknown Rridges in Africa, whence ‘came the 
Nile, the Nigre, and the Zaire: And in Ame- 
rica, the Azdes and the -Apalatean Mountains ; 
each of which far furpafs the ufual height to 
which the Aqueous Vapours of themfelves afcend, 
-and on the tops of which the Air is fo cold and 
rarified, as to retain but a fmall part of thofe 
Vapours that fhall be brought thither by Winds. 
Thofe Vapourstherefore that areraifed copioufly 
‘inthe Sea, and by the Wind, are carried over 
the low Land to thofe Ridges of Mountains, 
are there compelled by the Stream of the Air 
to mount up with it to the tops‘ef the Moun- 
tains, where the Water prefently precipitates, 

gleeting down by the Crannies of the Stone ; 

gnd part of the Vapour entering into the Ca- 
op tet athe: | vyerns 
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verns of the Hills, the Water thereof gathers — 
as in an Alembick into the Bafons of Stone it 
finds ; which being once fill’d, all the overplus 
of Water that comes thither runs over by the 
loweft place, and breaking out by the fides of 
the Hills, forms fingle Springs. Many of thefe 
running down by the Valleys or Guts between 
the ridges of the Hills, and coming to unite 
form little Rivulets, or Brooks; many of thefe 
again, meeting in one common Valley and gain- 
ing the plain Ground, being grown lefs rapid _be- 
come a River: and many of thefe being united 
in one common Channel, make fuch Streams as 
the Rhine, the Rhone, the Danube, which latter, 
one would hardly think the Collection of Wa- 
ter condenfed out of Vapour, unlefs we confi- 
der how vaft a Tra&t of Ground that River 
drains,and that itis the Sum of all thofe Springs 
which break out on the South fide of the Carpa- 
thian Mountains, and on the North fide of the 
immenfe Ridge of the Alps, whichis one conti- | 
nued Chain of Mountains from Switzerland, to 
the Black-Sea. And it may almoft pafs for a 
Rule, that the magnitude of a River, or the 
quantity of Water it evacuates, is proportiona- 
ble to the length and height of the Ridges from 
whence its Fountains arife. Now this Theory 
of Springs is not a bare Alypothefis, but founded 
ion Experience, which it was my luck to gain 
¢n my abode at St. Helena, where in the Night 
ime, on the tops of the Hills, about 800 Yards 
“bove the Sea, there was fo ftrange a conden- 
ation, or rather precipitation of the Vapeours, 
that it was a great Impediment to my Celeftial 
Obfervations ; for in the clear Sky, the Dew 
would fall fo faft, as to cover each half quarter 
ef an Hour, my Glaffes with little ve 
aha it « that 
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that it was neceflitated to wipe them fo often, 
and my Paper on which I wrote my Obferva- 
tions would immediately be fo wet with Dew, 
that it would not bear Ink : By whichit may be. 
fuppos’d how faft the Water gathers in thofe 
- mighty high Ridges] but now nam’d. | sat 

Thus is one part of the Vapours blown upon 
the Land returnd by the Rivers into, the Sea, 
from whence they came ; ae part by the 
cool of the Night falls in Défys, or elfe in Rains, 
again into the Sea before it reaches the Land, 
which is by much the, greateft part of the whole 
Vapours, becaufe of the great extent of the O- 
cean, which the motion of the Winds does rot 
traverfe in a very long fpace of Time; aad this 
is the Reafon why the Rivers do not return. fo 
much into the Afediterranean, as is extracted in- 
to Vapour. A third part falls. onthe .Low- 
Lands, and is the Pabulum of Plants; where ‘yet 
it does not reft, but is again exhaled in Vapour 
by the action of the Sun, and is either carried 
by the Winds to the Sea to fall in Rain or Dew 
there, or elfe to the Mountains to be there 
turn’d into Springs; and tho’ this does not im- 
mediately come to pafs, yet after feveral Vicif- 
fitudes of rifingin Vapour, and falling in Rain 
or Dews, each Particle of the Water is at 
length return’d to the Sea from whence it came. 
Add to this, that the Rain-waters after the Earth 
is fully fated with moifture, does, by the Vallies 
or lower parts of the Earth, find its way,into 
the Rivers, and fo is compendiouflyfent back 
to the Sea. After this manner is the . Circula- 
tion perform’d, and I doubt not but this Hypo- 
thefis is more reafonable than that of thofe who 
derive all Springs from the Rain-waters, which 
yet are perpetual and without diminution, ein 

| when 
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whien-no Rain falls for a long fpace of time ;. or 
that derive them from a Filtration or Pecola- 
tion. of the Séa-waters, tho’ certain imaginary — 
Tubes’ or » Paflages: within the Earth wherein 
they lofe: their ‘Saltnefsy’ Fhis, befidés many 
others, labouring wnder this -primeipal Abfur- 
dity; that the greateft | Rivers have’ their moft 
copious Fountains fartheft from the Sea, and 
whether fo great quantities of frefh Water can- 
not 'reafonably be deriv’d any other way than 
in Vapour. This, if we may allow final Caufes, 
feems to be the defign of the Hills that their 
Ridges being plac’d thro’ the midft of the Con- 
tinents, might ferve, as it were, for Alem- 

bicks to diftil frefh Water for the ufe of Man 
and Beaft, and their heights to give a defcent 
to thofe Streams to run gently, like fo many 
Veins of the ALacrocofm to be the more benifi- 
cial to the Creation. If the difference be- 
tween Rain and Dew, and the caufe why fome- 
times *tis Cloudy, at other times Serene, be 
inguir’d, I can offer nothing like a proper So- 
lution thereof, only with fubmiffion to propofe 
Conjectures, which are the beft I can find, viz. 
_ That the Air being heaped up by the meeting 
of two contrary Winds, when the Aé€ercury is 
high, the Vapours are the better fuftain’d and 
kept from Co-agulating or Condenfing into 
Drops, whereby Clouds are not fo eafily gene- 
rated; and in the Night the Vapours fall down 
fingle, as they arofe in imperceptible Atoms 
of Water: Whereas, when the Aercury is low 
and the Air rarified by the Exhauftion there- 
of, by two contrary Winds blowing from the 
place; the- Atoms of Air keep the Vapours 
not fo well feparated, and they Coalefce into 
vilible Drops in the Clouds, and from thence 
| are 
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are eafily drawn into greater Drops of Rain; 
to which ’tts poflible and not improbable, 
that fome fort of Saline or Angular Parti- 
cles of Terreftrial Vapour being immix’d 
with the Aqueous, which I take to be Bub- 
bles, may cut or break their Skins or Coats, 
and fo contribute to their more fpeedy Can- 
denfation into Rain. i 
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The True Theory of the Tides, 
extracted from that admired T rea- 
—tife of Mr. aac Newton, Intz- 
tuuled , Philofophie Naturalis 
_ Principia Mathematica ; demmg a 
Difcourfe prefented with that 
Book to the late King James, dy 
Mr. Edmund Halley. | 


WT way, perhaps, feem ftrange, that this Paper, bee 
ing no other than apartile Account of a Book long 
fince publifhed, fhould now appear here , but the De- 
fire of feveral honourable Perfons, which could not be 
withftood have obliged us to infert it here, for. the fake 
of fuch, who being lefs knowing in Mathematical Mat- 
ters; and therefore not daring to adventure on the 
Author himfelf, are notwithftanding, very curious 
to be informed of the Caufes of Things , particularly 
of fo general and extraordinary Phenomena, 4s 
ave thofe of the Tides. Now this Paper having been 
_ drawn up for the late King James’s Ufe, (in whofe 
~ Reign the Book was publifhed) and having givengood — 
Satisfaction to thofe that got Copies of it 5 it is hope 
ed the Savans of the higher Form will indulge us 
this Liberty we take to gratifie their Inferiours in 
point of Science; and not be offended, that we here 
znfift more largely upon Mr. Newton’s Theory of 
the Tides, which, how plain and eafie foever we 
ii, is very little underftood by the common Rea= 
er. 


THE 
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OT eee ee Author 
proceeds to explain moft of the greatand 
furprizing Appearances ..of. Nature, is ino other 
thenthat of Gravity, whereby in the Earth all Bo- 
dies have'a tendency towards its Centres as is 
moft evident : and from undoubted Arguments 
its proved, that there is fuch a Gravitation to- 
wards the Centre of theSun, Moon, and all the 
Blanets.s ° 89: ak | yr? : 
. From (this .Principle, as a neceflary Confe- 
quence, fohows the Spherical Figure of the 
Earth and Sea, and of all the other Celeftial 
Bodies: and tho’ the tenacity and firmnefs of 
the Solid Parts, ‘fupport the Inequalities of the 
Land above the Level; yet the Fluids, preffing 
equally-and-eafily yielding to each other, foon 
teftore the «Aiguilibrium, if difturbed, and main- 
tain the exaétHigure of the Globe. 

Now-this force of Defcent of Bodies towards 
the. Center, is not in all places alike, but is ftill 
lefsand lefs, as‘thediftance from the Center en- 
credfes : and -in ‘this Book it is demonftrated, 
_ thatthis Force decreafes as the Square of the 

diftance increafes 5 that is, the weight of Bo- 
diesand the force of their Fali is lefs, in parts 

‘more removed: from the Center, in the propor- 
tion of the Squares of the Diftance. So as for 
Example, a Ton weight on the Surface of the 
Earth, if it were raifed to the height of 4006 
Miles, which Ifuppofethe Semidiameter of the 
Barth, would weigh but ; of a Ton, or 5 Hun- 
dred weight :*Ifto 12000 Miles, or 3 Semidi- 
ameters from the Surface, that is 4 from thé 
Center, it would weigh but {; part of the 
Weight on the Surface, or a Hundred and 

Quarter: So that it would be as eafie for-the 
Boe rt: : Strength » 


ae ee 
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Strength of a Man at that height to carry a Ton 
~ weight, as here on the Surface a 1004, And 


in the fame Proportion does the Velocities of 
the fall of Bodies decreafe : For whereas on the 
Surface of the Earth all things fall 16. Foot in 


‘a fecond, at one Semidiameter above, this fall 


is but four Foot ; and at three Semidia- 
meters, or four from the Centre, it is but .% 
of the Fallatthe Surface, or but one Foot in a 
fecond : And at greater Diftances both Weight 


‘and Fall become very fimall, but yet at all given 


Diltances is ftill fome thing, tho’ the Effect be- 
come infenfible. At the diftance of the Moon 


(which I will fuppofe 60 Semidiameters of the 


the Earth) 3600 Pounds weigh but one Pound, 
and the fall of Bodies is but ; 2. of a Foot in 
a fecond, or 16 Foot in‘a Minute; that is, a 
Body fo far off defcends in a Minute no more 


‘than the fame‘at the Surface of the Earth would 


do ina Second of ‘Time. 
As was faid before, the fame force decreafing 


after the fame manner is evidently found in the 


Sun, Moon, and all the Planets ; but more ef- 


‘pecially in the Sun, whofe Force is prodigious ; 


becoming fenfible even in the immenfe diftance 
of Saturn: This givesroom to fufpe&, that the 
force of Gravity is in the Ceeleftial Globes pro- 


- portional to the quantity of Matter in each of 


them: And the Sun being at leaft ten Thoufand 


‘times as big as the Earth, its.Gravitation orat- 
‘trating Force, is found to be at leaft ten 
-Thoufand times as much as that of the Earth, 


acting on Bodies.at the fame diftance. 
This Law of the decreafe of Gravity being 
demonftratively proved, and put paft contra- 


diction ; the Author with great Sagacity, in- 
“quires into the neceflary Confequences of this 


Sup. 
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Suppofition ; whereby he finds the. genuine 
Caufe of the feveral Appearances in the Theo- 
ry of the Moon and Planets, and difcovers the 
hitherto unknown Laws of the Motion of Co- 
mets, and of the Ebbing and flowing of the Sea. 
Bach of which are Subjects that have.hitherto 
taken up much larger Volumes; but Truth be- 
ing uniform, and always the fame, it is admir- 
able to obferve how eafily we are enabled to 
make out very abftrufe and difficult Matters,when 
“Once true and genuine Principles are obtained : 
“And on the other hand it may be wondred, 
that, notwithftanding the great facility oftruth, 
and the perplexity and nonconfequences that al- 
waysattend erroneous Suppofitions, thefe great 
Difcoveries fhould have efcaped the acute Dif- 
quifitions of the beft Philofophical Heads of all 
paft Ages, and be referv’d to thefe our. Times. 
‘But that wonder will foon ceafe, if it be confi- 
‘der’d how great improvements Geometry has 
receiv’d in our Memory, and particularly from 
the profound Difcoveries of our incomparable 
PAUL DOT eg tn eyes oie aah ate le 

The Theory of the Motion of the primary 
Planets is here fhewn to be nothing elfe, but the 
contemplation of the Curve Lines which Bodies 
caft with a given Velocity, ina given Direction 
and at the fame time drawn towards the Sun 
by its gravitating Power, would defcribe. Or, 
which is all one, that the Orbs of the Planets 
are fuch Curve Lines as a Shot froma Gun de- 
‘{cribesin the Air, being caft according to the 
direction of the Piece, but bent in a crooked 
Line by the fupervening Tendency towards.the 
Earths Centre: And the Planets being fuppofed 


. to be projected with a given Force, and at- 


“'tracted towards the Sun, after the aforefaid 
gi rae bi man- 
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manner, are here proved to deferibe fuch Fi- 
gures, as anfwer punctually to all that the Indu- 
ftry of this and the laft. Age has obferv’d in 
the Planetary Motions. So that it appears, 
that there‘is no need of folid Orbs and Intel*. 
ligences, as the Antieitsimagin’d, nor yet of 
Vortices or Whirlpools of the Celeftial Matter, 
as Des Cartes fuppofes ; but the whole Affair is’ 
fimply and mechanically performed, upon the 


’fole Suppofition of a Gravitation towards the 


Suin ; which cannot be denied: : ae 

‘The Motion of Comets is here fhewn to be 
compounded of the fame Elements, and not to . 
differ from Planets, but in their greater fwift- 
nef$, whereby overpowering the Gravity that 
fhould hold them to the Sun, as it doth the 
Planets; they flie off again, and diftance them- 
felves from the Sun and Earth, fo that they foon 
are out of our fight.- And tle imperfect Ac= 
counts and Obfervations Antiquity has left us, _ 
are not fufhicient to determine whether the fame 
Comet ever returnagain. But this Author has 
fhewn how Geometrically to deterniine the Orb 
of a Comet from Obfervations, and to find his 
diftance, from the Barth and Sun, which was 
never before done: : 

The third thing here done is the Theory of 


the Moon, all the Inequalities of whofe Motion 


are proved to arife from the fame Principles, 
only; here the effect of two Centers operating 
on, or attracting a projected Body comes to be 
confidered , for the Moon; tho principally at- 
tracted by the Earth, and moving round it, does 
together with the Earth, move round the Sun 
once a Year, and is according as fheis, neater 


_ or farther from the Sun, drawn by him more 
ec lefs than the Cehter of the Barth, about. 


ae which 
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which fhe moves; whence arife feveral Irregu- 
Jarities in her Motion, ofall which, the Author 
in this Book, with no lefs Subtility than In- 
duftry, has’ given a full account. And tho? by 
reafon of the great Complication of the Pro- 
blem, he has not yet ‘been able to make it 
purely Geometrical, ’tis to be hoped, that in 
fome farther Effay he may furmount the diffi- 
culty: And having perfected the Theory of 
the Moon, the long defir’d difcovery of the 
Longitude (which at Sea is only practicable 
this way) may at length be brought-to light, 
to the great Honour of your Majefty and 
Advantage of your Subjects. 

All the furprizing Phenomena of the Flux 
and Reflux of the Sea, are in like manner: 
fhewn to proceed from the fame Principles. 
— which I defign more largely to infift on, fince 
the matter of Fa isin this cafe much better 
known to your Majefty than in the fore- 

oing. | 

If me Earth were alone, that is to fay, not 
affeed. by. the AGions of the: Sun and Moon,,. 
it.is not to be doubted, but the Ocean, being 
equally prefs’d- by ‘the force of Gravity ‘to- 
wards the Center, would continue ina perfe&: 
ftagnation, always at the fame height, with- 
out either Ebbing or Flowing; but it being 
here demonftrated, that the Sun’and Moon . 
have a ‘lke Principle of Gravitation°towards: 
their Centers, and that the: Earth is within 
the Activity of their Attractions, it will plain-> 
ly follow, that the Equality of the preffure of 
Gravity towards the Center will thereby be 
difturb’d ; and tho’ the fmallnefs oftthefe For- 
ces, in refpec of the Gravitation towards:the. 
- Harths Center, renders them altogether im- 

ity ~ _- perceptible 
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nerceptible by any Experiments we can de- 
vife, yet the Ocean! being fluid and ‘yeilding ‘to 
. the leat’ force; by its rifing fhews where: it is 
lefs preft; and’ where it is more preft by: its 

‘Now if we fuppofe the force of the Moons 


Attra@tion'to decreafé'as the Square of the Di- 
{tance from its Center increafes (as in the Earth 
and other Celeftial Bodies) we fhall find, that 
where the Moon is perpendicularly either a- 
bové ‘or below the Horizon, either in Zenith 
or Nadir, there the force of Gravity is’: moft 
‘of all diminifhed,' and ‘confequently that’ there 
the Ocean muft neceflarily fwell “by the com- 
ing in of the Water from thofe parts where the 
Preflure'is preateft, ox? in thofe places. where 
the Moon is’near the Horizon: But that this 
may be the’ better underftodd, I thought it 
needful to-add the following Figure, (Fide Fie. 1s 
Plare'?.);where ALis the Moon, Ethe' arth, C 
its Cénter, aiid’ Z’ the place where the“Moon is 


- ~ ¥ 


in' the Zenith, where in the Nadir,» > 
“Now by the Hypothefis it is evident, that 
the Water it Z, being nearer, is more draw 
by the Moon, than thé Center‘of the Barth C, 
and that again’ more than’'the Water in: 2, 
wherefore the Water in Z hath a’tendency to- 
wards'the Moon, coritrary’ to that of Gravity, 
being equal to the “excefs° of the Gravitation 
in'Z, above that in @: ‘And in the other cafe, 
the Water'in’ WV,’ tending’ lefs towards the 
Mooh ‘than’ the Ceitter’ €) will be lefs preffed, 
by’as muchas is the difference of the Gravita- 
tiots towards’ the Moon in’ € and “Nv ‘This 
rightly underftood, it follows plainly, that the 
Sea, which otherwife’ would be Spherical, up- 
pon the Preiftre’ ofthe’ Moon, muft form it 
+ leg C2 | felf 
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felf into a Spheroidal orj Oval Figure, whofe 
longeft Diameter is where the Moon is verti- 
cal, and fhorteft where fhe is in the Horizon 3 
and that. the Moon fhifting her'Pofition as fhe 
turns round the Earth once a Day, this Oval of 


"} 


Water thifts with her, occafioning thereby the. 


two Floods and Ebbs obfervable im -each 25 
Floufseds gies | 3) atl tonoans! 
- And this may fuffice as to the general Caufe 
of the Tides; it remains now to fhew- how 
naturally this motion accounts for all the Par- 
ticulars that have been. obferv’d about ‘them 3; 
fo that: there can, be no ‘room left: to’ doubt, 
but that this is the true caufe thereof... © . 
~ The Spring Tides upon the New: and Full 
Moons, and-Neap: Tides on the Quarters, are 
occafion’d: by the attractive -Force of the Sun 
in the New and Full, confpiring with the At- 
traction of the Moon, and producing: a. Tide 
by their united Forces: Whereas in the Quar- 
ters, the. Sun. raifes the Water. where the 


Moon deprefles it, and the contrary; fo as, 


the , Tides are made only by the difference -of 
their Attractions...That the force: of the Sun 
is no greater in- this cafe, proceeds, from the 
very dinall Proportion the Semidiameter. of the, 
Earth bears to the vaft, diftance of. the Sun. /-; 
It it alo obferwd, that, ceteris paribus, the 
ARquinodial Spring’ ‘Tides in A4arch and. Sep- 
tember, or, near i them, .are,; the Highelt, -and: 
the WNeap. Tides: the: loweft-3. which proceeds 
from, the greater Agitations, of; the,Waters; 
when. the fluid Spherord revolves about a, great 
Circle of the Earth,; than when it‘turns,about 
in a;leffer Circle; itibeing plain, that if the 
Moon..were, conftituted. im the,Pole .and..there 
ktood, ;that,.the, Spheroid would haye:a int Po-; 
ik ' ED ition 
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fition, and that it would be always high Wa- 
ger under the Poles, . and low. Water every 
where under the Aquinoétial: And therefore 
the nearer the Moon approachesthe: Poles, the 
lefs is the agitation of the Ocean, which is of 
allthe greateft, when the Moon isin the A- 
quinoGial, or fartheft diftant from the Poles. 
Whence the Sun and Moon, being either con- 
joined or oppofite in the AquinoGial, produce 
thé greateft Spring Tides; and the fubfequent 
Neap Tides, being produc’d by the Tropical 
Moon in the Quarters, are always the leaft 
Tides; whereas in Sune and December , the 
Spring Tides are made by the Tropical Sun 
and Moon, and therefore lefs vigorous ; and 
the Neap Tides by the Aquinoétial Moon, 
which therefore are the ftronger :« Hence it 
happens, that the difference between theSpring 
and Neap Tides: in thefe Months, is much lefs 
confiderable than in Afarch and September. And 
the reafon why the very higheft Spring Tides 
are. found: to be rather before the Vernal and 
after the Autumnal Equinox, wx. in February 
and Oftober,tkan pricifely upon them, is, be- 
caufethe Sun is nearer the Earth in the Winter 
Months,.and fo:comes to have a greater effect 
in producing the Tides. 
_ Hitherto: we‘have confider’d fuch Affeétions 
of the Tidesasare Univerfal,without relation to 
particular Cafes ; what follows from the differ- 
ing Latitudes of places, will be eafily under- 
- ftood by the following Fig. (Wide Fi¢.2.Plate 1.) 
Let 4p EP be the Earth cover’d over with 
» very deep Waters, C. its Centers: Py), ite 
_ Poles, 4 E the Hquinoctial, Ff the parallet of 
_ Latitude of a Place, Dd anotlier Parallel at.e- 
qual -diftance. on. the ather ‘fide of the A:qui- 

: ko 3 nocial, 
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nottial, 7h the two Points where the Moon is 
vertical, and let Kk be the great Circle, where- 
in the Moon appears Horizontal. dt is evie 
dent, that.a Spheriod deferib’d upon Ah, and 
andJuck;fhall nearly reprefent the Figure of the 
Sea, and Cf, CD; CE, Cad fhall be the hights of 
the.Sea in theplaces'f, D, F,d, in all which it 
is High-water:' And feeing that in twelve 
Hours time, by the diurnal Rotation of the 
Barth, the Point £ is transferr’'d tof, and d 
to D: The hight ofthe Sea CF willbe that of 
the High-water when the Moon is prefent, and 
€f that of the other High-water, when the 
Moon is under the Earth: Which in’ the cafe. 
of this. Fignrévis lefS than the former CF. And 
ia othe oppolite Parallel :.Dd the contrary hap- 
pens... The: Rifing: of the Water being always. 
_alternately-greater and tefs in-each place, when 
it is produc’d by the Moon declining fenfibly 
from the Aquinodial; that: being the greateft 
of the two High-waters in each diurnal Revo- 
lution of the Moon; whereincfhe approaches 
neareft either to, the Zenith or‘ Nddir of *the 
place: Whence it is ‘that the dMfoon in the 
Northern Signs; in this: part: of «the World, 
makes. the -greateft « Tides::-when« above: the 
Earth, and in Southern Signs, when ‘under the 
Barth 3\the Effet: being always: the greateft 
where the Moon is fartheftifrom the Horizon, 
either above.or below it. “And this:alternate 
increafe and decreafe of the Tides thas' been ob- 
ferv’d to hold trueon the Coaft of Exeland, at 
Briftol by Capt. Sturmy, and at Plymouth ‘by: 
Mr. Colepreffe. eis, qeeb. yao 
But the motions hitherto. mention’d saré 
fomewhat alter’d by the Libration of the Wa: 
ter, whereby, tho’ the Action of the Lumima: 
£2ES 
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ries fhould ceafe, the and Reflux of the 
Sea would for fome time continue: This Con- 
fervation of the imprefs’d Motion diminifhes 
the differences that otherwife would be be- 
tween two confequent Tides, and is the reafon 
why the higheft Spring-Tides are not precifely 
on the New and Full Moons, nor the Neaps 
on the Quarters; but generally they are the 
third Tides after them, and fometimes la- 
tere? | 
All thefe things would regularly come to 
pafs, ifthe whole Earth were cover’d with Sea 
very deep; but by reafon of the fhoalnefs of 
fome places, and the narrownefs of the Streights, 
‘by which the Tides are in many cafes propa- 
gated, there arifesa great diverfity in the Ef- 
fea, and not tobe accounted for, without an 
exact Knowledge of all the Circumftances of the © 
Places, .as of the Pofition of the Land, and'the 
Breadth and Depth of the Channels by which 
_ the Tide flows; for a very flow and impercep-. 
_ tible motion of the whole Body of the Water, 
where it is (for example) 2-Miles deep, will 
fuffice to raife its Surface 10 or 12 Feet in a 
Tides time 5 whereas, if the fame quantity of 
Water were to be convey'd upon a Channel of 
40 Fathoms deep, it would requirea very great 
Stream to effet it, in fo large Inlets as are the 
Channel of England and the German Ocean; 
whence the Tide is found to fet ftrongeft in 
thofe places where the Sea grows narrowett ; 
the fame quantity of Water being to pafs 
through a fmaller Paflage: This is moft evi- 
dent in the Streighrs, between Portland and 
Cape de Hague in Normandy, where the Tide 
runs like a Sluce; and would be yet more be- 
tween Dover and Calis, if the Tide coming a- 
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ae the Ifland from the North did not check 

And this force being once imprefs’d upon 
the Water, continues to carry it above the 
jevel of the ordinary height in the Ocean, par- 


ticularly where the Water meets a direct Ob- 


ftacle, asit isat St. Malo’s; and where it en- 


.ters into along Channel, whichrunning far 


into the Land, grows very ftreight at its Ex- 


-tremity; as it is in the Severn-Sea at ed) og 


and Brzffol. 

This fhoalnefs of the Sea and the: intercurrent 
Continents are the reafon, that in the open 
Ocean the time of High-water is notat the 
Moons uppulfe-to the Meridian, but always 
fome Hours after it; as it is obferv’d upon ail 


the Welt-Coaft of Europe and Africa, from Ire- 


land to the Cape of Good-Hope: {nail which a 
S. W. Moon makes High-water, and the fame 
is reported to be on the Welt fide:of America. 
But it would be endlefs to account aj] the: par- 


‘ticular Solutions; which are eafie Corollarics 


of this Aypothefis; as why the Lakes, fuch as 
the Galpien Sea, and Mediterranian Seas, fuch 
as the Black, te the Streights and Baltic ks have 
no fenfible Tides: For Lakes having no Com- 
munication with the Ocean, can neither: in- 
creafe nor diminifh their Water, whereby to 
rife and fall; and Seas that communicate by 
fuch narrow Inlets, and are of fo immenfe:an 
Extent, cannot in a few Hours time receive o1 
empty Water enough to raife or fink their Sur- 
face any thing fenfibly. . 

_Laftly, todemonftrate the excellency of this 
Doftrinc, the Example of the Tides in the 
Port ef Tunking in China, which are fo extra: 
ordinary, and differing from all others we have 
yet heard of, may-fuffice, In et Port ther ca y 
ott 
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but one Flood and Ebb in 24 Hours 3 and twice 


in each Month, az. when the Moon is/near 
-the Aequinoctial there is no Tide at-all, but the 
Water is ftagnant; but with the Moons dech- 
-yation there begins a Tide, whichis greateit 


when fhe is in the Tropical Signs: Only with 


- this difference, that when the. Moon is: to the 
~ Northward of the Aquinoétial; it Flows: when 


fhe is above the Earth, and Ebbs when fhe is 


uunder, fo as to°-make High-water at Moons- 
fetting, and Low-water: at‘ Moons-rifing: -But 
“on the contrary, the Moon ‘being 'to the South- 
-ward, makes High-water at rifing and: Low- 
water at fetting; it Ebbing all the time fhe is 


above the Horizon. As may be feen more at 
largein the Philofophical Tranfattion , Numb. 
162. 

The Caufe of this odd Appearance is pro- 
pos’d by Mr. Newton, to be trom the concur- 
ence of two Tides ; the one propagated in fix 
Hours out of the great South-Sea along the 
Coaft of China; the other out of the Indian- 
Sea, from between the Iflands in twelve Hours, 
along the Coaft of Afalacca and Cambodia. The 
one of thefe Tides, being produc’d in North- 


Latitude, is, as has been faid, greater, when 


the Moon being to the North of the Equator 
is above the Earth, and lefs when fhe ts under 
the arth. Thé other of them, which is pro- 
pagated from the Jvdian-Sea, being raifed in 
south-Latitude, is greater when the Moon‘de- 
clining to the South, is above the Barth, and 


Jefs when fhe is under the Earth: So that of 
-thefe Tides alternately greater and leffer, there 
comesalways fucceflively two of the greater and 


two of the leffer together every day ; and the 


_ High-water falls always between the times of 


the 
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the arrival of the two greater Floods ; and the 
Low-water between the arrival of the two lef- — 
“fer Floods. And the Moon coming tothe A- 
quinodtial, and: the alternate Floods becoming 
equal, the Tide ceafes. and the Water. ftag- 
nates':: But when fhe has pafs’d to the other fide 
of the Equator, thofe Floods which in the for- 
mer Order were the leaft, now becoming the 
greateft, that That before was the time of 
-High-water now becomes the Low-water, and 
the Converfe.. So that the whole appearance 
of thefé ftrange. Tides, “is without any forcing 
naturally deducd from thefe Principles, and 
is a great Argument of the certainty of the 
whole Theory. : 


i 
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A Theory of the Variation of the 
- Magnetical Compafs, dy Mr. Ed. 
Halley Fellow of the R. 8S. 


HE variation of the Compafs (by which 
of I mean the defie@tion of the Magnetical 
Needle from the true Meridian) is: of that 
freat concernment in the Art of Navigation, 
that the negle€t thereof, does little lefs than 
render ufelefs one of the nobleft Inventions 
Mankind ever yet ‘attained to. And for this 
--canfe all Ships of Confequence (efpecially' thofe _ 
bound beyond the Equator) carry withthem — 
Inftruments on purpofe to obferve this. varia+ 
‘tion: That fo the bourte ftear’'d by the Com= 
pafs, may be reduc’d to the true Courfe in re-' 
fpect of the Meridian. | 

‘ Now altho’ the great utility that a perfe& 
knowledge of the Theory of the Magnetical 
Direction would afford to Mankind in general, 
and efpecially: to thofe concern’d in Sea Affairs, 
feems as fufficient incitement toall Philofophical 
and Mathematical Heads, to take ‘under fe- 
rious Confideration the feveral Phenomena, and 
to endeavour to reconcile them by fome gene- 
ral Rule: Yet fo it is ; that almoft all the Au- 
thors, from whom a Difcourfe ofthis kind oughe 
to have been expected, pafs byin filencethe dif- 
ficulties they here encounter. And thofe, that 
mention this variation: By affirming it to pro- — 
ceed from Caufes altogether uncertain (as are 
_ the cafual lying of Iron Mines and Loadftones 
gi the Earth) put a Lop to all further Contem- 
i ee , plation 


i a 
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plation ; and give difcouragement to thofe that 
would otherwife uudertake-this Enquiry. ?Tis 
true, that not long fince one Mr. Bond, an old 
‘Teacher of Navigation, put forth a fall Trea- 
tife wherein he pretends to calculate the vari- 
‘ation’: But he limits his Hypothefis to the Ci- 
ty of London, affirming himfelf (as he had a 
great deal of reafon) that the fame Calculus is 
not fufficient for other places ; whereby it’ ap- 
‘pears that this Rule is far fhort:of the fo much 
defir’d: general one. wat orld rows! | 
Now although (through want. of fufficient 
Obfervations and fome other difficulties which 
1 fhall anon fhew) I cannot pretend: perfectly 
to eftablifh the Numbers and Rules of a Caleu-— 
lus which fhall precifely anfwer to the variati- 
ons of all parts. of the World’: Yet.J fuppofe it 
will not be unacceptable. to the curious to pro- 
pofe fomething of a light into this abftrufe 
Myftery; which, if no other, may have_ this 
good effect, to ftir up the Philofophical, Gewiz 
of theAge to apply themfelves moreattentively 
to this ufeful fpeculation. | But before, 1 proceed, 
"twill be neceflary tolay down the Grounds up- 
on which I raife ‘my Gonclufions 5 and at once 
to give a Synopfis of thofe variations which ] 
have reafon to look upon as fure, being: moftly 
the Obfervations of Perfons of good Skill and 
Integrity.) «¢ iods of: ot 7 ey 
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“TABLE. 
VARIATIONS 


Names 0 if 
Places. 


London 
RS 


Uraniburg 


Copenhagen 


Danrzick : 
Mompelier 
Breft 


a? be 
Bayonne. B 


mes $e 
ie Ss Seibhits 

in Baffius Bay 

at Sir Tho- 

mas Smiths 

Sound 


| Longitude |. Ano | Variation 
| fromLon., Obferv'de. 
dom a ple 
9.29 111¢E 

6 oF 

45E 

230W. 

| — £30W, 

2.25 E 48: 500 E" 

‘ ore) 

| . 2 30W 
33.10% * 235W, 
oe aE . oe 
Lag mee 335W 
19.0 E 7 COW 
ee {o 1L10oW 
4:74 W (145W, 
13s ° E | 41-50 N [1681 | 50 -W 
1. 20 W| 43-30 N | 1680] 1 20W.. 
79+ 40 W151 00 N $1668.) 19 15°W: 
$7200 W | 6t 00 N 4.1668] 29 30W.. 
80.00 W| 78.00 N | 1616 | ¢7 coW 


Names 


20 MifcellaneaCuriofa. 


Names of Places. |Longitude. Latitude.\ Anno Variation 


AtSea>  .. so 0 W)3840,N/1682] 730 W> 
AtSea'= ~ be [34 30 W/43 50 Nj1682) 5 30 W 
At Sea | 42.0 lige mee as 2 

Cape St. Aug. of Brazile 136.30. W] % O 3% j1670} 5 30 

re ee 2 a W]22 40 S |1670]12 10 BE 

cae ce Geet mero - 


3.00 Wh9.30. $|167020 30 E 


At the EaftEntrance} : 
< | - of Mageten Straits) £8 00 Wis 20 $67917.90 E 
AttheW.Entrance of} 6-wis3 00 Slié70'r4i10 E 

“the MagellanStraits ) |”? ~ ig a8 
Baldivia 


73 00 WItO 00 $}1670; 810 2 


= Beet 


34. 50 $1622! 200 W 


At Cape VP Agulbas 16 30 CE 
. 1575} 300 W. 


Ses |x cbr] 1 0 E34 30 511675] co 
Af Sea ‘ = 20 0 W!34 © S}167s}10 30 E 


‘Ay Sen. a a e Rite W(24 9 S}1675}|10 30 E 
-.* : # 1 : ~ o< : 


i 


i nae me noe . py 2 RE RENT eames 
At St. Helena... | 6 30 Wi16 0 S41677, 0 40 E 
At Afcenfian, 14 30 W| 7 9051673] 1 co E 
At;Fobanna... 144 00. Elt2 15 311675119 30 W 
At Monbafa ‘go’ 06 E|'400 S 1675116 00 W 
At Zocatra@ 0 n-a|§6 00.E112.30N41674]17 00-W 


IIL ee ca 


Vekew "ee Te2 Gi } 47 30 E}r3 00 Nj1674 15 00 W 
At'Diego Ro)  -  16r 0° El26+0 S [1676 2030 W 
AtSeat tor! 6430 E] 0 Oo [16761530 W 
NO Gant $2944 FLO" El2p.a $}1676 24.00 W 


At Bombay: |__| 72330 Ejtg 0 N'1676]12 co W 
AtiCape Comorin' » ~*} 7600 E} 81g Ni68q) 848 W 
At) Ballafores° >) |). 24-87 00 Elat'30 Ni1680} 820 W 
AtiBort St.George ~-| 8000 Eji3itg Ni1680) B10 W- 
Atthe W. pointiof Fave 104! EPS go {$1676}. 3.10. W, 


anne 


: ; 
_ At 


& SES Fe 
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At Sea 58 00 El39 o $1677] 2730 W 
At the Ifle of St. Paul | 72 0 Elg3 0 $1677] 23 30 W, 
At Van DiemensLand 4142.0 Elq42 25 Sit642,0 0 |. 
Atnew Zealand ———- 170 0 _El4050S1642)9 OE 


Ae rece peiey |} {169 30 Hl4 35 $1642] 8 40.B 


AS Sea} fr84 co . ; ma 620 B 


on theCoaft of N.Guniea149 00 El 4 305,1643] 8 45. B 


_ at theW. p. of N.Gunied,126 oo Ej 026 5164315 30. E 


Tho? I could wifh we could obtain from the 
Spaniards what ‘Variations they find in their 
Voyages from the Aanilhas towards Acapulco, 
_ thorough the North part of the South Sea; as 
likewife what it is at Japan, fromthe Dutch: 
Yet (confidering the number of thefe Obferva- 
tions I have'collected, and: that they are made 
in patts' of the World fo remote from Europe, 
and from one another) I fuppofe that the The- 
ory that anfwers thefe will fcarce fail in thofe 
Regions from whence we have:as yet no ac- 
count. But firft we muft make fome remarkes 
upon the foregoing Table: And, Firft, 


“-THat’in all Europe the variation at this: time 
is’ Weft, and more in the Eaftern Parts thereof 
than the Weftern: As likewife that it feems 
throughout to be upon the increafe that way. » 


- Secondly, That onthe Coaft of America, a= 
bout Virginia, New-England ‘and New-Founds 
Land, the variation is likewife Wefterly 3\and 
that it increafes all the way as you go North- 
erly along the Coaft fo as to be above 20 De- 
grees at New-found-Land, nearly 30! gr. - in 
Hudfons Straits, and not lefs than 57 LDegrees.in 
Stites | ; Baffins 
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- Baffins Bay; alfo, that as you Sail Eaftward 
from this Coaft the variation diminifhes: From 
thefe two it is a Legitimate Corallary: That — 
Somewhere between Europe, and the North part of 
América,there ought to be an' Eafterly Variation, or 
at-leaft-no Wefterly.And-fo1 conjecture itis. 
about the Baftermoft of the Tercera INands. 


Thirdly, That on the Coaft of Brafile theré 
is Haft variation, which increafes very notably 
as you go to the Southward fo as to be 12 De- 
grees'at Cape ‘Frio, and ovér againft. the River 
of Platei 02 Degrees: And from'thentce Sail= 
ing Southwefterly to the Straits of Magellan it 
decreafes 17 Degrees; and at the Weft Entrance 
but:14. Degrees. at 1F> % 


* Fourthly, That’ at the Eaftward of \Brafile 
properly fo calleds: this Eafterly variation. de- 
creafes, fo as toobe very little at St. Aelexa 
and A/cenfion, and to be quite gone and the 
Compafs Point true about 18 Degrees of Lon- 
gitude Welt from the Cape of Good-hope. 


Fifthly, That to the Eaftward of the afore- 
faid Places.a Weftward variation begins, which 
Reigns in: the whole Indian Sea, and arifes to 
no lefs than Eighteen Degrees undet the Equa~ 
toritfelf, about the Meridian of the Northern 
part of Afadagafcar ; and near the fame Meri- 
dian. -but:in 39.’ Degrees South Latitude it is 
found: full/27 >‘Degrees: From thence Bafter- 
ly the Weft variation décreafes, fo as to be lit- 
tle more than eight Degrées at Cape Comorin, 
and than three Degrees upon the Coaft of Fa- 
va; -and°>to bequite extind about the Afolucca 
Iflands, as alfo a little to the Weftwards of Vax 
tS. Diemen3 


Ww 
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Diemens Land found out by the | Dutch in 1642. 


- sisthly, That to the Eaftward’ of the! oh 
tta’s and Van Diemens’Land in South" Latitude 
there ‘arifes ‘another Eafterly Variation, which 
feems not fo great as the former, norof folarge 
_ €xtent; forthatatthe Mland Rotterdam itis fenfi- 
bly lefS than upontheLaftCoatt ofNewGuinea: and, 
at the rate it decreafes, it may wellbe fuppos’d, 
that about 20Degrees fartherEaft or 225 Degrees 
Raft Longitude from London; in the Latitude of 
ZoDeprees South, a Wefterly Variation begins. 


Seventhly, That the variations obferv’d by 
_ the Honourable Sir fohn Norborough at Baldivia 
and. at the Weft Entrance of the’ Straights of 
Magellan Ao plainly thew, that That Haft varia- 
tion, noted in our third Remark, is decréafing 
apace,/and' that it cannot reafonably extend 
many Degrees into the South Sea from the 
Coaft of Peru and ‘Chili, leaving room for a 
finall Wefterly variation, in that “Tra@ of the 
unknown World’ that lies’in the mid-Way be- 
tween Chili’ and “New-Zealand, and between 


Heinds Mand and Pern 


_. Eighthly, That in Sailing Notth-Weft from 
St. Helena by Afcenfion as far as the Equator the 
Variation continues very {mail Eaft, and as it 
were conftantly the fame : So that in this part 
of the World the Conrfe, wherein there is no* 
Variation, is evidently no Meridian, but rather 


North-Wett. 


Hi Ninthly, That the Entrance of Hudfon’s 
St'aights and the Mouth of the River of Plate 
being nearly ‘under the fame Meridian, at the 

} ®) one 
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one place.the Needle varies.29} Degrees to 
the Wefi, at theother 20; Degrees to the Eaf. 
This: plainly demonftrates, the.impoflibility. of 
reconciling ,thefe variations by the Theory of 
Bond 5 which. is by swo Adagnetical Poles. and. an 
Axis, welined tothe Axis of the Earth ; from 
whence it would follow, That. wder the fame 
Meridian the Variation fhould be in all places the 
fame way. sc liow Vert. 31 .28iss 8 . j ase aa ote 
. Thefe things-being premifed may. ferve as_a- 
fure Foundation to raife the. fuperftructure of a 
Theory upon. But firft it would not beamifs 
to fhew. hereby the.miftake.of Gilbert and Des 
Cartes: The firlt whereof fuppofes ; that the 
Earth itfelf being in allits parts Maguetical, aud 
the Water not 5 wherefoever the Land is, thither 
alfo {ould the Needle turn, as to the greater quan- 
tity of Adaguetical fatter. But this in many 
inftances is not true ; but moft remarkably up- 
on the Coaft of. Brafile,.where the Needle is 
fo far, from-being attracted by.the Land, that 
it.turns the quite contrary. way, leaving the 
Meridian tolye N.B.E, which.is juft. along the 
Coaft. As to the Polition of Des Cartes, that 
the Iron and Loadftones hid in the Bowels of the 
Earth and the, Bottom. of the Sea may be. the Caufes 
that the Needle varies; if we contider for how 
great a partof the Larths Surface, ex gr. inthe 
whole IndianSea, the Needle declines the fame 
way,,and that. regularly , “Twill follow. that 
the:attracting Subltance that. occafions it, muft 
be very far diftant. Now by Experience we 
find the little force that Iron Guns have upon 
the Compafs in Ships(their Vertue, tho’ they 
be demiculverin, or greater Cannon,, being not 
perceptible at-four,or five Yards diltance) ang 
era ° i ; ~ the 
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the Experiments now before the Royal Society 
do. plainly thew, bow little a Magnetifin there 
is in moft crude Iron Ores: ;What quantity 
thereof muft be then fuppos’d to make fo power- 
ful Diverfion at two or three Thoufand Miles 
diftance ?, Yet Icannotdeny that im fome places 
near the Shoar, or in Shoal-Water, the Needle 
may be irregularly dire&ted from. the aforefaid 
Caufes; and that not a little, as Gaffendus gives 
a notable inftance of the Ifland Elba in the Me- 
diterranean Sea: But thefe differences from,the 
general Direction are always figns of the near- 
nefs of thofe Maguetical Subftances, for the 
Produdtion whereof that Iland/ £/ba -has been 
famous from all Antiquity. . Befides, againft 
both Des Cartes and Gilbert, the change of the 
_ variation,which has been within thefe Hundred 
Years laft paft more than 15 gr. at. London, is.an 
entire Demontftration ; tho’? Des Cartes does not 
- fticktofay,that the tranfportation..of Iron from 
place to place, and ‘the growth of new Iron 
within the Earth, where there was-nene be- 
fore, may bé the caufe thereof. The fame 
holds: likewife againft the Aypothe/is of Adague< 
tical Fibres, which Kircher maintains... . 
Now! to propofe fomething that may anfwer 
the feveral appearances, and introduce nothing 
ftrange in Philofophy, after a great many clofe 
Thoughts, I can come toino other Conclufion 
than that, The whole Globe of the Earth is one 
great, Magnét, having four Magnetical Poles, or 
| Dowatiscof Attradtion, near each Pole of the Equator 
Tmo; andithat, inthofe parts of the World which 
aiagg adjacent to any one of thofe Magneticat 
Poles, the Needle is governed thereby, the neareft 
Pole being always predominant over the more ree 
‘mete. The \parts of the Earth wherein ,thefe 
pitts) D2 Magneticak 
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@etermin’d for-want of fufficient Data to pro- 
ceed Geometrically ; but, as near as Conjecture 
can reach, I reckon that the Pole, whichis at 
wrefent neareft to us, lies in or near the Meri- 
dian of ‘the Lands end of England, and not a- 
Dove feven : Degrees from the Pole Arctick, by 
this Pole the variations in all Europe and Tartary, 
and the’ North’ Sea are ‘principally governd, 
tho? ‘with regard to the other Northern Pole, 
q@hof fituation is in.a Meridian pafling about 
the middle of California, and about 15 gr. from 
the ‘North ‘Pole! of ‘the World. to’ this ‘the 
meedlé has chiefly refpett in all the ‘North A- 
merica, and: in the two Oceans on either fide 
thereof, from the Azores Weftward to Sapan, 
and-farther?’ “The two Southern Poles are ra- 
¢her farther diftant ‘from the South Pole'of the 
World) Fhe one about fixteen! Degrees there- 

- from, “is'in 0a’ Meridian, -fome ‘twenty Degrees 
to the Weftward of Magellan Straights, or ninty 
five Degrees: Wett' from ‘London: This com- 
iiands the Needle in all the ‘South-America, in 
the Pucifick Sea; \and: the! greateft part of the 
Ethiopick, Ocean! The: Fourth ‘and laft Pole | 
feems to’ have the! greateft Power andlargeft | 
Dominions of all, as.it is the moft remote from 
the Pole of the World, being little lefs than. 
30 Degrees diftant there-from in the Meridian, 
which pafles® through Hollandia Nova and ithe: 
Wand Ce/ebes'about one hundred and twenty: De=: 
grees. Haft from London, this Pole: is predomi-: 
nant: inthe South part of Africa, in Arabia and! 
the Ked® Sea, in Perfiay India, and: its Iflands,, 
anéali over the Jadian Seay: from the Cape} of 

Good Aope Eaftwards to the middle‘of the great 

Po Sea' that divides Afia from Anierica. This 
Les ies FOC E dn \ugb 


‘Magnétical Poles ‘lie, ‘cannot ‘as yet be exactly 


feems: 
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feems to be the prefent Difpofition of the Mag- 
netical Vertue. throughout the whole Globe of - 
the Earth ; it remains to fhew how this Hypo-: 
thefis makes out all the. variations that -have; 
been obferv’d of late; and how. it anfwers to, 
our feveral. Remarks drawn: from the. ‘Table. 
And firft it is plain, that (our European. North: 
Pole being in the Meridian of the Lands end of . 
Eagland) all places more Eafterly than that will 

liave it on the Welt fide of their Meridian, and" — 


confequently the Needle, refpecting it with its 
Northern Point, -will have a.Wefterly variatir 
on, which. will ftill be greater as you go to the, 
Eaftwards, till you come to fome Meridian of - 
 Ruffia where ’twill be greateit, and from thence, 
decreafe again. Thus at Bre/P the variation is. 
but 13-Degrees, at Londoz 43 Degrees; but. at. 
Dantzick, feven. Degrees Weit.- To.the Weft-. 
ward of the Meridian of the,Lands end, the 
Needle ought to have an Eafterly variation ;_ 
were it not that (by approaching the Americar. 
Northern Pole, which lies on the Weft fide of 
the Meridian, and feems to be of greater force 
than this other) the Needle is drawn thereby... 
- Weltwards, fo.as.to .counterballance the di-., 
rection given by the European Pole, .and to make. 
a fmall Weft variation in the Meridian of the 
Lands end itfelf... Yet.1 fuppofe that about the 
Meridian of the Ifle Tercera, our neareft Pole. 
may fo far prevail as to give the Needle a little, 
turn to the Eaft, tho’ but for a very finall fpace: 
The Counterballance of thofe two Poles per-. 
mitting no confiderable variation in all the 
Haftern Parts of the Atlantick, Ocean; nor up- 
on the Weft Coafts of England and Ireland, 
_ France, Spain and. Barbary. But to the Welt-. 

_ wards of the Azores, the Power of the puricaz 

| peice? 3 Polé 
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Pole overcoming that +f the European the 
Needle has chiefly refpe& thereto, and turns 
{till more and more towards it as you approach 
if. Whence it comes to pafs, that on the 
Coaft of Virginia, New-England, _New-found- 
Land, and in ‘lud/on?s-Straichts the variation is 
Weltward ; that. it decreafes as you go from 
thence towards Europe, and that it is lefSin Vir- 
gima and New-England, than in New-found-Land, 
and Fludfon’s-Straightrs. This Wefterly varia- 
tion again decreafes, as‘ you pafs over the Worth 
America, and about the Meridian of the, mid- 
dle of California the Needle again points due 
North; and from’ theace Weftward to Yedzo 
and Fapan, 1 makeno doubt but the variation 
is Eafterly, and half the Sea over no lefs than fif- 
teen Degrees, if there be any truth in this FHy- 
pothefis of mine. Therefore I propofe this as 
a trial, that the whole may be fcann’d thereby ; 
-. and I conceive it will not be hard to know of 
the Spaniards how it is, who fo frequently fail 
through that Ocean, in their return from the 
Manilba Yes. This Eaft variaticn extends o- 
wer Fapan, Yedxo, Eaft-Tartary, and, part of 
China, till it meet with the Wefterly, ‘which is 
govern’d by the European North Pole, and which 
1 faid was greateft fomewherein Ruffia. — 

~ Towards the Southern Pole the effeé is much 
the fame, only that here the Sonth Point of 
the Needle is attrated- Hence it will follow, 
that the variation on the Coaft of Brazile, at 
the River of Plate, and fo on to the Straits of 
Magellan fhould be Eafterly (as in our third Re- 
mark); ifwe fuppofe a Magnetical Pole fituate 
about twenty Degrees more Welterly than the 
Straights of Afagellan. And this Eaiterly varia- 
tion doth extend Eaftward over the greateft 

part 
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part of the E¢hiopick’Sea, ‘tilPit be counterpoif 
ed by the Vertue of the other Southern Pole’; 
asitis about mid-way between the Cape of Gaed- 
Hope, and the Ules of Triftan @ Acuntia. From 
thence Eaftwards, the -4fan South Pole (as. I 
muft take the liberty to call it) becoming pre- 
valent, and the South’ point of the Needle: be- 
ing attracted thereby, there arifes a Weft vari- 
ation very great in quantity and extent, be- 
caufe of the great diftance of this Magnetical 
Pole of the World. Hence it is, that in allthe 
Indian Sea as far as Hollandia Nova, and farther, 
there is conftantly Weft variation; at that -un- 
_ der the Equator itfelf it arifes to-no lefs than 
eighteen Degrees, where ’tis moft. About the 
Meridian. of the Ifland: Celebes, being likewife 
that of this 'Pole, this Wefterly variation ceafes, 
and an Bafterly begins ; which reaches, accor- 
ding to my Hypothefis, to the middle of the 
_ South-Sea between Zelandia’ Nova and: Chili, 
leaving room for a finall Weft Variation govern’d 
by the American South Pole, which 1 fhew’d-to 
be in the Pacifick Sea, inthe fixth and feventh: 
Remarkiiiose Soinirs of eth sso" -8 oe uae 
What ‘I have now faid, doesplainly fhewthe 
fufficiercy of this Hypothefis for folving the va- 
riations that are at this time obferv’d in the’ 
temperate and frigid Zoves, where the direéti- 
od of the Needle chiefly depends upon the 
Counterpoife of the forces of two Maenetical 
Poles of the fame Nature; and I fuppofe I have 
fhewn how it comes to pafS, that under the 
fame Meridian the variation fiould be in one 
ba 29, Welt, and another: 20} Raft; as ¥ 
Nave noted in my ninth Remark. | 
In the Torrid Zone, and particuiarly under 
the Equinoétial, refpect muft be had to all four 
D 4 Poles, 
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Poles, and theirPofitions well confider’d; other- 
wife it will not be eafie to determine what the 
variations fhall be; the neareft Pole being al- 
ways the ftrongeft; yet not: fo, as‘not to be 
counterballaned fometimes by.the,wnited forces 
of two more remote, a notable Inftance where- 
of is in our ‘eighth; Remark, where] . took 
notice, that in failing from St. Helena by the 
Ifle of Afcenfion, to the Equator,. ona NW. 
Courfe the variation is very little Eafterly,, 


andin that whole Tract unalterable; for:which 
I. give this Reafon, ‘that the South American 
Pole; (which is .confiderably the neareft. in the: 


aforefaid places) requiring’ a great Eafterly va- 
‘ylation is counterpoifed by the contrary At- 


traction of the North-American and the Afian- 
South. Pole; each whereof fingly are-in, thefe 


parts, weaker than the American-South- Pole sand. 


upon the) WW. Courfe, the diftance,frem this, 
latter isvery little varied; and..as you.recede. 
from the Afian-South-Pole, the ballance is. {till 


preferv'd by the accefs towards the orth-A- 


merican-Pole. 1 mention not in this, cafe the: 
European INorth-Pole, its Meridian being-little: 


remov'd from thofe of|thefe places, and.,of/it 


felf. requiring the fame. variations we. here: 
find. After the fame manner-,we-might,pro-. 
ceed to conclude the variations in other places - 


under and near the Equator; but I purpofe- 


ly leave it for an exercife to the Thoughts, of, 


the ferious Reader, whois defir’d to -help . dis 


Imagination, by having before him a Map,or: 
Globe of the Earth: And-to mark thereon the: 
Magnetical Poles in the Loxgitndes and (Latite, 


tudes Vafliga them. (Vide Plat. 2.) 


rope 4 


a 


‘Thus 
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-o-Thus3: TP hope ;°Ivdiave: not! loftomyyPains 
and Study»in this difficult Subjeéb; -believing 
that.b have putt paft doubt, That there are, in 
the Earth four fach MMagnetical Points::or: Pelés 
which oscafiomtbe grea dariery apd seeming wregt+ 
larity which -i}-obfervid ie the variatsons: of the 
Compafs.: Butto>¢alculate exactly; what it-is, 
‘in .anyuplace affign’d, is. what: Ddare:not yet 
pretend to,‘ tho’ I:could) with-it\were my-hap- 
pinefs;tdbe able..to oblige the World. with. fo 
ufeful a piece’ of Knowledge:; there are'difi- 
culties that occur, that render the thing as yet 
not feafible, for firft there area great many Ob- 
fervations requifite, which ought to be made 
at the fame time ; not at Sea, but afhore, with 
greater Care and Attention than the generali- 
ty of Sailors apply. And befides it remains 
undetermin’d in what proportion the attractive 
Power decreafes, as you remove from the Pole 
ofa Magnet, without which it were a vain at- 
tempt to go about to calculate. There is yet 
a further difficulty, which is the change of the | 
variation, one of the difcoveries of this. laft 
Century ; which fhews, that it will requirefome 
hundreds of Years to eftablifh acompteat-Dee : 
rine of the Magnetical Syftem. From the a 
foregoing Table it fhould feem, that all the 
Magnetical Poles had a motion Weftward: 
But if it be fo, ’tis evident, that itis not a 
Rotation about the Axis of the Earth; for then 
the variations would continue the fame, in the 
- fame parallel of Latitude (the Loneitude only 
_changed) as much as is the motion of the Mag- 
wetical Poles, but the contrary is found by Ex- 
‘perience ; for there is no where in the L&titude 
_ of 153 North between England and America, a 
variation of eleven Degrees Eaft at this time ; 
“as 
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as it wastonce here at Lovdox sit feems thére- 
fore, that our European Pole is grown nearer 
the Pole Arctickthan it was heretofore, or elfe 
that\it has:loft part ofits Vertue. But whe- 
ther thefe: Magnetical: Poles ) move ‘altogether 
with one motion, or with feveral:; whether. e- 
qually’ or unequally; whether * Circular or [2 
bratory’: If Circular, about what Center’; if 
Libratory, after what manner; are Secrets as 
yet ‘utterly: unkown to Mankind, and are re- 
ferv’d for the ‘Induftry of future Ages) © is 1s 
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An Account of the Caufe of the Change 
of the Variation of the Magne-- 
tical Needle, with an Hypothefs 

of the Structure. of the Internal. 
parts of the Earth ; a5 it was pro 

_ pofed to the Royal Soctety, 2 one of. 
their’ late Meevines. » By Mr. 
eRe Gina LAGU ects 


[ : ae an- the precedent Difcourfe de- 
livered a Theory of the Variation of 
the Magnetical. Compafs, wherein I did col- 
let as many Obfervations as at that. time 
{ could procure, and -having carefully’ com+ 
par’d them: together, I came at length to 
this general conclufion, That the Globe of the 
Earth might be fuppofed to. be one great Magnety 
having four Macnetical Poles or Points of Attratti- 
on, near each Pole of the Equator two's and that ix 
thofe parts of the World which he near adjatent to 
any one of thofe Ataguetical Poles, the Needle is 
chiefly govern'd thereby: the neareft Pole being als 
ways predominant over the more remote. Andob 
there have endeavour’ to ftate and limit the 
prefent Pofition of thofe Poles in the Surface of: 
our Globe, which the Reader pleafing to con=: 
fult will fave us the pains of repeating. | But’ 
after all, tho’ that Difcourfe was favourably 
receiv'd both at home and abroad; as feeming 
to render a tolerable account of the obfery'd: 
7 | Variations 
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variations, yet I found two difficulties not eafie 
to_furmount, the one was, that no Magnet I 
had ever feen or heard of, had more than two 
appofite, Poles, whereas the Barth had.vifibly - 
four, and perhaps more. . And fecondly, it was» 
plain that.thefe. Poles'were not, at deaft all, of 
them, fixt in the Harth, but fhifted:from place . 
to place, as appear’d by the great changes in 
the Needles diretion within this laft Century of 
Years, not-only at. Lozdon, (where-this. great 
Difcovery: was firft. made) but almoft all over 
the Globe of Barth; wheréas’ it-is not known 
or obf{erv’d that the Poles of a load-ftone ever 
fhifted their place in the Stone; nor (confider- 
ing the compact hardnefs of that fubftance) can 
it eafily be fuppos’d ; tho’ the matter of Faé& 
be too notorious) and univerfal, not.,to. be vac 
Gountéd:fors? od3 to. vroedT 5 bsyevil @ 
~'Thefe, difficulties had. wholly made.me de-. 
fpond, and -I. had long fince-given over an In-: 
quiry: I had fo: little hopes:.of, when in acciden-, 
tal Difcourfe, and leaft expecting it, [ftumbl’d. 
onthe following Hypothefis ; in: delivering 
whereof, if. I, fhall, feem, to. advance any. thing: 
that. looks . dike -; Extravagant...or. Roman- 
tick, the Reader is defir’d to. fufpend his Cen-. 
fure, till he have. confider’d the force and num-. 
ber. of the. many Arguments which concur to 
make good fo new and fo bold a Suppofiti- 


on. | | enut 
oho’: it be fufficiently known and allow’d,. 
that the Needles variation changes, it will be. 
neceflary however to'igive a few inftances, 
whereby it may-appear that’ this change is pra~. 
dual and univerfal, and theeffect of a. great.and 
ermanent motion: For which take the follow- 

ing Examples. E oldsiale? a7 2 
Teli t 
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‘At London, in the’ Year 1580, the variation 
was obferv’d by Mr. Burrows to be 11° 15! Raft. 
In Anno’ 1622, the fame was found by Mr. Gun- 
terito be but 6° o Eaft.: In the Year 1634, Mr. 
Geillibrand found it 4°. 5° Raft.In 1657, Mr. Bond 
obferv’d. that there was no variation at London. 
Anno''1672, my felf: obferv’d:it-2°.:30' to: the 
Welt ;°.and in the ‘Year 1692, I: again 
found it: 6° 00" Weft.°'So'that ‘in112 Years 
‘the direction of the Needle has chang’d no lefs 
thdi feventeen Degrees? 20. eters aii 


» °At' Paris. « Orontius. Finaus about.the Year 
‘15§0; ‘did account it about eight or nine De- 
grees Haft variation. “Ano. 1640, it was found 
three Degrees Haft. Ano 1666, there was no 
variation there, and Avvo 1681, I found it to 
bes? -gootecthe Weltsoile: osusdy 3 cores? nf. 
© At Cap. @ Agulhas, the moft Southerly Pro- 

montary of Africa, about the Year 1600; the 
Needle pointed: due North and South without 
variation, whence the Portugueze gaveits name. 
Anno 1622, there was.two Degrees Welt vari- 
ation. Anno 1675, it was 8°..0o. Weft; and 
in the Year: 1691, it was curioufly obferv’d not 

, lefS than-€leven Degrees' Welts sihaci He 

LSAt St. Helena, about the Year 1600, the 
Needle: declin’d ‘eight Degrees to the: Haft. 
Anno 1623, it was but 6°.°00° Batt. Anno 1677, 
when 1 was there, I obferv’d it accurately on 
Shoar to be od. 40°. Haft; ‘and in 1692> it. 
was) found about 1d. tothe Weitward of: the 
North. *<.30: reAT sey bp “tvs gels 
At Cape Comorine in Indiay in the Year 1620, 
there: was 14 gr.20° Welt variation. In the 
Year 1680, there was 8c. 48’, but now lately in 

_ the Year 1688, it was no more than 7°. 307, fo 
that here the Needle has:return’d to the Haft 
about feven Degrees in feventy Years. In 
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» dn all the other Examples the Needle ‘has 
gradually :mov’d towards the Weft, and the 
places, ate too far afunder to be influenc’d by 
the removal of any Magnetical Matter, which _ 
may by. accident be tranfplac’d within’ the 
Bowels,: or onthe Surface of the Earth. ‘If 
more Examples ate defit'd, the Reader may be 
furnifh’d with them it the! Portugueze Routier of 
Aleixo de Motta (writtenaboat the Year 1600) 
and. in'the Voyage of Beaulieu, both publifh’d 
in Mr. Thevenot’s firft Colleéton of curious Voy- 
ages, Printed.at Pari, Anno 1663 ; which he is 
to compare with the Journals of our late  Ezft 
Yodia Noyagers, and. t. am aflur’d, thatiit will 
be thereby evident, that the dire@iom of the 
Needle isin no. place fix’d and. conftant,: tho’ 
infome it change fafter than in others: And 
where :for:a long: time it has-continu’d.as it 
were unalterd, it is there to be underftood, 
that the Needle has its greateft Defleftion, and 
is become. Stationary: in dorder to return, like 
the Sun, in the Tropick. . This, at prefent, is 
inthe Jndian-Sea, about the Ifland A@auritins, 
where is the higheft) Weft variation; and:in«a 
Tract tending from thence into the N. N; W, 
towards» the: Red-Sex and! Egypt.’ And in all 
Places:to the Weftward of this Tra@, all over 
Africaand the Seas adjoining, the Weft varia- 
tion will. be found to have encreas’d; and to 
the: Eaftwards thereof, ascin the Example of — 
Cape Comorine, to have decreas’d, viz. all over 
the Eaft-Indies and the Iflands near it. ot 
> After the like: manner in that: Space of Baft 
variation,: which, ‘beginning near St. Heleza, is 
-found.all over the South America, and-which at 
prefent is higheft about the Mouth of Rio de la 
hate, ‘it has-been obferv’d, that in.the pam 
esa ¥ YIGEVSI gi es91g9Q asve! Pacds 
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enough to ‘afcertain, only we may by Analogy 
infer, that both the Eaft aud. Weft variations 
therein do gradually increafe and decreafe after 
the fame Rule. 55) icc ods: guivad 


| vity fix’d and immoyeable-in the fame commo 
, eable-in the fa 1moR 
_ Center of the Barth: And there is yet requir’d, 
aT “ek that 
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that: this-moving internal Subftance be loofe 
and detached fromthe external Parts of the 
Earth: whereon’ we live ; for otherwife? were it 
affix’d thereto, t the whole mufb nsbedlatily: eae 
aogether di-wod ¢DMNOL ai iC 
sorSorthen: the Bxtetnal Par ts: af the Globe dy 
well=ibe reckon’d* as’ ‘the Shell, aid the Inter- 
nal. asa iNuclews or inner Globe included with- 
im ours, with a fluid medium between, which 
having the fame common Center and: Axis of 
idiarhab ‘Rotation; "may *‘turm: about. with ‘our 
Barth! daclytwenty four Houts;. only this outer 
Spherejhaving its 'turbinating motion fome final 
matter’ either fwifter or flower than the inter- 
nal Ball: :And'a very Minute difference in 
dength of time, by many repetitions becoming 
fenfible; the Internal Parts will by degrees) re- 
cede fronpthe Externalyand, not keeping pace 
with one another will appear craduallyto move 
<ither 1Baftwards or: | Weftwards oF the differ- 
ence ‘oftheir motions. °°! 

‘Now fuppofing fach an Titevial Sphere ha- 
ving fuch a motion; we'fhall folve the twofreat 
Difficulties "we encounter’d ‘in my former Hy- 
pothefis ¢ Fe orif this exterior Shell of Earth be 
a: Magnet having its’ Poles at adiftance from 
the Poles of diurnal Rotation ; ‘and if the’ In- 
ternal’ Wusléus be likewife a Magnet, having its 
Poles in two! other. places: diftant alfo from the 
Axis’, ¢ndethefe” latter bya gradual-and flow 
#iotion change’ their place in refpect of the Ex- 
téfriaby we may then give a reafofiable account 
of the! four Mapnetical Poles I prefuime to have © 
demonftrated’ before ;\\ as likewife of the 
charges ‘of ‘the Needles ‘variations, igs tli 
now hath been unattenipted. aaa Pee 
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The Period of this motion. being. wonderful 
great, and there being hardly an hundred: Years 
fince thefe Variations have been daly obferw'd, 
it will be very hard to bring this Hypothelis to 
_a Galcultis, -efpecially fince, tho’ the , Variati- 
‘ons do increafe and -decreafe regularly in ‘the 
fame place, yet in differing places, at no great 
diftance, there are found fuch cafual Changes 
thereof as can no ways be accounted for by a 
aegular Hypothefiss as. depending . upon the 
amequaliand irregolar diftribution of the Mag- 
meticabMatter within the fubftance of the ex- 
ternal Shell or Coat of the Earth, which de- 
flect the Needle fromthe Pofition it would ac- 
quire from the effect ofthe general Magnetifm 
ofthe whole. Ofthis the Variations at Londoz 
and Paris give a notable inftance,for the Needle 
has ‘been conftantly about 1° more Hafterly at 
Paris than at twoedon; tho’ it be certain that 
according to the general effect, ‘the difference 
ought to be the contrary way: Notwithftand- 
“ing which the Variations in both places do 
ichangelalibe. 303 Sort fogs errs 4 : 

Hence, and from*fome other of like Nature, 
A conclude, ‘Fhat the two Poles of the external 

'Globe are fixt in the Earth, and that if the 
Needle were wholly govern’d by them, the Va- 
-riations thereof would bealways the fame, with 
fome little Irregularities upon the account I but 
juft now mention’d: But the internal Sphere 
having duch a gradual tranflation of its Poles, 
does influence ‘the Needle, and direct it vari- 
oufly according to the refult of the attractive 
‘or direGtive Power of each Pole; and confe- 
quently there muft be a Period of the Reyolu- 
‘tion of this internal Ba!l, after which the Va- 
Wiations will return again as before.. But if: it 
Bee yor Rit fhall 
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fhall in future: Ages be’ obferv’d otherwife, we 
muft then conclude that there are more‘of thefe 
Internal Spheres, and* more Magnetical’ Poles 
than Four, which at prefent we have not a’fuf- 
ficient ‘numberof Obfervations to determine, 
and particularly in that valt Alar del Zurs'which 
occupies fo ee a pee of the whole Surface of 
the Barth. 7 
- If then two of the Poles be fixt and twomove- 
able; it ‘remains to afcertdin ‘which they are 
that keep their place 5 and tho’ Ecould wifh we 
had the experience « ‘of another Century of Years 
to found our Conclufions upon, yet I think we 
may fafely determine, That our European NorthPole 
(whichinthe precedent Difcourfe I fuppos’d near 
theMeitdian of the Lands end of. England, and 
about'7 Degrees tverefrom)is that That is move- 
able of the two Northern Poles,:and that That 
‘has’ chiefly influenc’d :the Variations in thefe 
parts of the World : For in #/udfon’s Bay, which 
is under the: Direction of the American Pole, , 
‘the change is not obferv'd to be near fo faft as; 
in thefe parts of Europe, tho’ that Pole be much 
farther remowd from the Axis.) 5: | 
“As to the South Poles; I take: the Wii an Pole, 
‘which T place about the Meridian of the Ifand! 
“Celebes tobe! the fixt; and confequently the 4-- 
‘qnerican Pole to:move;. fromthe like Obferva— 
“tion of the flow Decreafe of the : Variation: om 
the Coat of Fava; and near the Meridian) off 
the “Afian-Pole ; tho” I muft.confefs to have «no 
account of the effects of the other beyond Mhe-- 
: we § Streights. 
“If thisbe allow’d. me, tis plain that the fintt 
-Poles: ate (the ‘Poles: ofthis: External, Shell: o1| 
- Cortex “of! the Earths‘andv-the i other two the 
“Poles-of a Maginetical. Nucleus included: anc 
iia moveablq 
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moveable. within the other.» It likewife. fol 
low5, (that this Motion is 'Weftwards, and by 
confequence that,the aforefaid Nucleus, has not , 
precifely/attained the fame degree. of. Velocity 
with the-exteriour Partsin their diurnal Revo- 
lution; but fo very nearly equals it, that in.364 
Revolves the difference is {carce fenfible.. “This 
I conceive. to arife fromthe Impulfe whereby 
this diurnal Motion was impreft on the. Earth, 
beitg given)ito the ‘external Parts; and-,from 
thence. im: time communicated, to the Internal 5 
but not fo as perfectly to. equal the Velocity of 
the firft. Motion imprefs’d. on; ;and -ftill con 
ferw’d by the fuperficial Parts of the Globe. ~ 
_» As, to! the Quantity of this Motion itis al= 
inoft impoflible.to define: it, beth from the Na= 
ture of this kind ef, Obfervation, which ‘can- 
hot:be very accurately perform’d, as: alfo. from 
the fmall time thefe Variations, have. been ob- 
ferw’d, and their change’ difcover’d..: It ape 
pedrs by.all Cireumftances, that.its Period-is of 
anany, Centuries of Years, and-as far-as may be 
collected fromthe Change of the Place, where 
‘thereiwas, no Variation by reafon of the: Equi- 
dibre> of the: two:Southern Magnetical Poles, 
viz. from Capea’ Aguthas to the Meéridianof St. 
elena (which is.about,238t in about ninty Years) 
and of the place where, the Wefterly:Variation 
AS nits odxvai Or greatelt, Deflection,,..' being 
about:halfifo much, vz. from the Ifle-of Diego 
Roz toiphe South Welt Parts:of Maducafcar. 
We may with fome!Reafon conjecture, thatthe 
American Pole has:mov’d. Weftwards fourty fix 
Degrees in that-time, and that the whole Peri- 
sod ‘thereofis: perform’d: in feven hundred Years, 
cor! thereabouts ; fothat the nice Determination 
sofithis and of feveral other particulars in the 

, i hee Magnetick 
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Magnetick Syftem is-referv’d for remote Pofteri- 
ty; all that we can hope todo,is to leave'/behind 
us Obfervations that may be confided in, and 
to propofe Hypothefis which after Ages may 
examine, amend or refute. ‘Only‘here I muft 
take leave to recommend to all Mafters of 
Ships and allothers, Lovers of Natural Truths, 
that they ufe their utmoft Diligence to make, 
or procure to be made, Obfervations of thefe 
Variations in all parts of the World, as well in 
the North as South Latitude (after the laudable 
Cuftom of our Ezft-India Commanders): and 
that they pleafe to communicate them. to the 
Royal Society, in order to leave as compleat a 
Hiftory as: may be to thofe that are hereafter 
to compare all together, and to compleat and 
perfe& this abftrufe Theory. To eter 
‘And by the way it will not beamifs to amend 
a receiv’d Error in: the Pradtice of obferving 
the Variation, which is, to take it by the Am- 
plitude of the Rifing and Setting Sun, when 
his Center appears in the vifible Horizons 
whereas ke ought to be obferv’d when ‘his’ un- 
der Limb is {till above the Horizon about 3 of 
his Diameter, or twenty Minutes,upon thefcore 
of the RefraGion, and the height of the Bye 
of the Obferver above the Surface of the Sea. 
Or elfe they are to’work the Amplitudes as 
they do. ‘the Azimuth, reckoning the ‘Suns di- 
{tance from the Zenith 90°. 36%: This, ‘tho’: it 
‘be of little confequence near the Aquinodial, 
will make a great error in high Latitudes, where 
‘the Sun rifes and fets obliquely. . 
- But to return to our Hypothefis; In-order to 
explain the change of the Variations, we have 
‘adventir’d to -make ‘the: Earth: hollow and to 
SHE STAIN NITE: WhO ISIS Pi DIR ¢. (place 
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place another Globe within it; and i doubt not 
but this will find Oppofers enough. 1 know 
"twill be Objected, That there is no Inftance in 
Nature of the: like thing; that if there was 
facha middle Globe it would not keep its place 
in the Centre, but be apt to deviate there-from, 
and might poflibly chock againft the Concave 
Shell, to the ruine, or at leaft endammaging 
thereof; That the Water of the Sea would 
perpetually leak through, unlefs we fuppofe the 
Cavity full of Water; That were) it pofible, 
yet it does not appear of what ufe fach an in- 
ward Sphere can be of,. being fhut up in eter- 
nal Darknef$, and therefore unfit; for the Pro- 
du&ion of Animals or Plants; withmany more 
ObjeGions, according. to the Fate of all fuch 
new Propofitions. ret | 

To thefe, and all. other that I can forefee, 1 


briefly Anfwer, That the Ring. environing the - 


Globe of Saturz is a. notable Inftance of this 
Kind, as having the fame, common Center, and 
moving along withthe Planet, without fenfibly 
approachihg him on one fide more than the o- 


ther. And if this Ring were turn’don one of 


its, Diameters, it would then defcribe fuch a 
Concave Sphere as 1 fippofé our External one 
to be. And fince the Ring, in any Pofition 
given, would, in the fame manner, keep the 
Centre of Saturz in its own, it follows, that 
- fach a Concave Sphere may move with another 

included init, having the fame common Cen- 
tre. Nor can it well be fuppos’d otherwilc, 
-confidering the Nature of Gravity. for fhould 
-thefe Globes be adjufted onceto the fame com- 
mon Centre, the Gravity of the parts of the 
Concave would prefs equally towards the Cen- 
‘tre of the inner Ball, which equality muft necef- 

| D3 farily 
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farily continue till fome external Force difturb 
it, which is not eafie to imagine in our cafe. 
‘This perhaps I might more intelligibly exprefs, 
by faying that the inner Globe being pofited in 
the ‘Centre: of the Exterior, muft neceflarily 
afcend ‘which way foever it move +; thatis, it 
‘muit' overcome’ the force of Gravity prefling 
towards the'common Centre, by an impulfe it 
muft receive from fome outward Agent ; but 
all outward Efforts being fufficiently fenc’d a- 
gainit by the Shell that furrounds It, it fojlows, 
that this Nuelews being once fixt in the common 
Centre, muft‘alwas there remain. ==) 
~ As to the leaking of the Water through this 
‘Shell, when once'a paflage fhall be found for it 
to run through, I muft confefs it is an ObjeAi- 
on feemingly of weight, but when we confider 
how tightly great Beds of Chalk or Clay, and 
much more Stone do hold Water, and even 
Caves arch’d with Sand; no Man can doubt | 
but the Wifdom of the Creator has. provided 
for the Macrocofin by many more ways than I 
_can either imagine or exprefs, efpecially fincewe 
fee the admirable and innumerable Contrivan- 
‘ces wherewith each worthlefs Individual is fur- 
nifh’d both to defend itfelfand propagate its 
Species.. What Curiofity in the Structure, what 
Accuracy in the Mixture and Compofition of 
the parts ought not we to expeét in the Fabrick 
of this Globe, made to be the lafting Habita- 
tion of fo many various Species of Animals, in 
each of which there want not many Inftances 
that manifeft the boundlefsPower and Goodnefs, 
of their Divine Author ; and can we then think 
ita hard fuppofition thatthe Internal Parts of 
this Bubble of Earth fhould be-replete with 
fuch Saline and Vitridlick Particles as may con- 
am ate tribute 
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tribute’ to. Petrifa@ion, and difpofe the tranfu= 
dirig. Water to fhoot'and coagulate into Stone, 
fo ascontinually to fortifie, and, if. need were, 
to confolidate any breach or flaw.in the Con- 
eavelfurficebt thésShelh stout sd aco odt i 
»; And this perhaps may not: without: reafon be 
fuppos’d to be the final Caufe of the admuxture 
of the Magnetical Matter in the Mafs of the 
Terreftial parts of our Globe, viz. To make 
good:and maintain the Concave Arch of this 
Siell':. For by: what’ the excellent Mr. Newton 
has fhewn in his Priscipia Philofophia, it will fol- 
low.) that according to the general: Principle of 
Gravity, vifible throughout the. whole .Unt- 
 verfe, all thofe Particles-that by length of time’ 

or otherwife,fhall moulder away or become loofe 
on the Concave Surface of the External Sphere, 
would fallin, and-with great force defcend on 
the Internal, unlefs thofe Particles were of an- 
other fort of Matter capable by their ftronger 
tendency to each other, to fufpend the force of 
Gravity:;-but' we know no other Subftances 
capable of fupporting each other by their mutu-~ 
al’ Attraction but:the Magnetical, and thefe we 
fee , miraculoufly ‘to’ perform, that Office, even 
where the Power of Gravity has its full effec, 
much more-within theGlobe where it isweaker. 
Why then may wenot fuppofe thefe faid Arches 
to be lin’d throughout with a Magnetical Mat 
ter, or rather to be ‘one . great, Concave Mag- 
net, whofe two Poles are the Poles we have he- 
fore obferv’d to be fixtv in the Surface of our 
Globe... Bn Vea eree Gre a eae ee 

_ Another Argument, : favouring this Hypo- 
thefis, is drawn from a-Propofition of the fame 
Mr. Newton, where che: determines the force’ 

wherewith the Advox moves the Sea in produc 
p 3k co Bg ing | 
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ing the Tides: His words are, Denfitas Lune’ eft 
ad denfitatem Terre ut 680 ad 387 feu g ad § 
quamproxime. Eft sgitur corpus Lune denfius ac 
mage terefire quam Terra noftra, p).466. Now 
if the Moon be more folid than ‘the Earth, as 
9 to'5, why may we not reafonably: fuppofe the 
Woon, being a {mall Body and a: Secondary 
Planet, to be folid Earth, Water, Stone, and 
this Globe to confift of the fame Materials, on- 
ly four Ninths thereof to be Cavity, within 
and between the internal Spheres; which I 


would render notimprobable. | 

_. To thofe that fhalP enquire of what ufe thefe 
included. Globes can be, it muft be allow’d, 
that they can be of very little fervice to'the In- 
habitants of this outward World, nor can the 
Sun be. ferviceable to them, either owith: his 
Light or Heat. But fince it) is now taken’for 
pranted, that the Harth.is one of. the Planets, 
and they all are with reafon fuppos’d Habitable; 
though we are not able to define by what fort 
of Animals, and fince we fee all the’parts of 
the Creation abound with Animate: Beings, as 
the Air with Birds and Flies; the Water with 
the numerous. varieties of Fifh, and ‘the very 
Earth, with Reptiles of fo many forts; all 
whofe ways of Living would be to’ us incredible 
did not daily Experience teach us.’ Why then. 
fhould we think it ftrange that the prodigious 
Mafs of Matter, whereof this Globe does con-+ 
fift, Thould be capable of fome other improve+ 
ment than barely to'ferve to fupport its Suar- 
face ? Why may not we rather fuppofe that the 
excceding fmall quantity of folid Matter imre- 
fpect of the fluid Ather, is fo difpos’d' by. the 
Almighty Wifdom, as.to yield as great a Sur- 
face for the fe of living Creatures, as ar 
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fift with the conveniency and-fecurity of the 
whole? We our felves, in Cities where we are 
_ preffed for room, commonly build many Sto- 
fles,one over the other, and: thereby:accommor 
datea much greater multitude of Inhabitants. 

But ftillit will be faid,that withoutLight there 
‘can bo no living} and therefore all: this appara- 
tus of our inward Globes muft: be ufelefs: To | 
this 1 Anfiver, That there are many ways of 
producing Light which we are wholly ignorant 
of; the Medium itfelf may be always luminous 
after the manner of our Jgves-fatui. . The, Con-~ 
eave Arches may in feveral places: fhine. with 
fuch a Subftance as invefts the Surface of. the 
Sun.;. nor can we, without a boldnefs unbecom- 
ing a Philofopher, adventure to affert the 1m- 
_poflibility: of peculiar Luminaries below, ;of 
whichwe have no fort of Jdez. Tam) fure>the 
Poets Virgil and. Claudian have gone before me 
inthis Thought, inlightning their Ely/ian,Fields 

with Sun and Stars proper to thofe infernal, or 
‘father internal; Regions.  Virg: eEneid. 6.. ~ 


| Largior hic compos eAither @ lumine veftin. 
ioe Purpureo 5 Solernque fuum fuaSideranorurnt.. .. 


And Claedianlib 2. De Raptu Proferpinds. bie 


Amiffum ne crede diem, funt altera nobis: 
Sidera, [unt orbes ali, lumenque videbis, ; 
| Purinsy Elyfiumque-magis mir absre Solem. 


“And tho’ this be not to:be efteem’d as.an.Ar- 
 gument, yet I may take the liberty | fee others 
do, to quote the Poets when. it.makes for my 
“purpofe. _ | | 


aw ‘Laftly, 
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°" 'Laftly, To explain yet farther whatlinean, ¥ 
have adventur’d toadjoin the following Scheme, — 
(Table 1. Fie. 3.) wherein theEarth is reprefented 
by the outward Circle, and! the three inward 
Circles are'-made nearly proportionable to the 
Magnitudes ofthe Planets Venus, Afars andAer-° 
| ‘eury, all which may be included within theGlobe 
of Earth,and allthe Arches morethan fufficient- 
ly ftrong to: bear their weight. The Concave 
of each Arch, whichis fhaded ‘differently. from 
the reft, 1 fappofe to: be made up of» Magnetical 
Matter 5 andthe whole:to turnaboutthe fame 
‘common: Axis p, p, only with this idifference, 
that the Outer Sphere {till>moves: fomewhat 
fafter than the Inner. Thus the: Diameter of 
‘the Earth being about eight thoufand! Exglifh 
Miles, Tallow five hundred Miles for the thick- 
“nefs of -its‘Shell; arid anotherf{pace 6fifive hun-. 
‘dred Miles for'a Medium. between, :capableof 
‘atrimmenfe Atmofphere for the'ufe of ‘the Globe 
of Venus: Venus again 1 give a Shell-of sthe 
fame’ thicknefs, and leave as great afpace! be- 
tween her Concave and AZars; fo likewife from 
Mars.to Mercury, which latter: Ball we-will fup-- 
pofe folid,and-about two |thoufand Miles Dia- 
meter. ‘Thus I have fhew’d a poffibility of a 
much more ample Creation,’ than has hitherto 
been imagin’d ; and if this feem ftrange to 
thofe that are unaquainted with the Magneti- 
cal Syftem, “it is hop’d that all fuch will endea- 
vour, firft, to inform themfelves of the: Mat- 
ter of Fact, and then try if they can find out 
‘a’ more fimple Hypothefis, at leaft a lefSab- 
furd, even in their own Opinions. And where- 
asl have adventur’d to make thefe Subterrane- 
ous Orbs capable of being Inhabited, ’twas done 
defignedly for the fake of thofe who will be apt 


to J 
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to ask cui bono, and with whom Argument, 
drawn from Final Caufes prevail much. « If this 
fhort Effay fhall find a kind acceptance, I fhall 
be encourag’d to enquire farther, and to Polifh 
this rough Draft of a Notion till hitherto not 
fo much as ftarted in the World, ayd of whick 
we could have no Intimation from any other of 

the Phenomena of Nature. 
Since this was written, a Difcovery1 have 
~ made in the Celeftial Motions, feeras to ren- | 
der a farther account of the Ufeof the Cavity 
of the Earth, wz, To diminifh the Specifick 

Gravity thereof in ref{pect of the Moon ; for I 
think I can demonftrate that the Oppofition of 
_ the Ather to the Motions of the Planets in 
long time becomes fenfible ; and confequently 
the greater Body muft receive a lefs Oppofition 
than the fmaller, unlefs the Specifick Gravity 
of the fmaller do proportionably exceed that 
of the greater, in which cafe only they can 
_ move together; fo that the Cavity I aflign in 

the Earth, may well ferve to adjuft its weight 
to that of the Moon; for otherwife the Earth 
would leave the Moon behind it, and fhe become 
another Primary Planet. 
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An Heftorical Account of the Trade 
~' Winds aud Monfoons, odfervadle 
-anthe Seas between and near the 
~'Tropicks, with an attempt to af- 

Sign the Phy fical.Caufe of the ford. 
» Winds, by Mr. Ed. Halley. 


WN exaét Relation of the conftant and Pe- 
f° riodical Winds, obfervable in feveral 
Traéts of the Ocean, isa part of Natural Hi- 
ftory not -lefs defireable and ufeful,, than itis 
difficult to obtain, and its Phenomena hard to 
explicate: I amnot-ignorant that feveral Wri- 
ters have undertaken this Snbje&, and altho’ 
Vareninus (Lab. 1. Chap. 21. Geo. Gen.) feems to 
have endeavour’d after the beft. information 
from Voyagers, yet cannot his. accounts.be ad- 
mitted for accurate, by thofe that. fhall-atten- | 
tively confider and. compare them together, and 
fome of them are moft evident miftakes ; 
which, as near as I can, Ifhall attempt to recti- 
‘fy, having had the opportunity of converfing 
with Navigators acquainted with all parts of 
India, and having; liv’d.a confideable time be- 
| ep the Tropicks, and there made my own Re- 
marks. ails pas Gee ak 
- The Subftance of what I have colle@ed is 
briefly as follows. - Went 3 | 
The Univerfal Ocean may moft properly be 
divided into three Parts, viz. 1. The -Arlanrick, 
and eAithiopick-Sea. 2. The The Indian Ocean. 
mT .s eB. Lae 
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3. The Great South Sea, or the Pacifick, Ocean ; 

and tho” thefe Seas do all communicate by the 
South, yet _as to our prefent purpofe of the 
Trade Winds, they: are fufficiently feperated by 
the interpofition of great*Tratts of Land ;:the 
firft lying between Africa and America, the fe- 
cond between Africa, and the Indian Ilands and 
Flollandia Nova, and the laft between the Ph:- 
lippine Tfles., China, Fapan-.and Hollandia Nova 
onthe Weff,. and the Coafk: of America on the 
Eaft. Now following this natural, divifion of 
the Seas. fo will we divide our Hiftory into 
a parts in the f. ame order. 


ai fA the Arlantick and Aiibpick Seas be- 
tween thé Tropitks, ‘there -is' a general Eafterly 
Wind} alt the Year long; without: any Confider- 
able: Variation; excepting ‘that it is fubje@ ‘to 
heidefiséted there- from, fome few Points of the 
ConrpaB' ‘towards the ‘North'or South, accord- 
ing to'the Pofition‘of ‘the place. .T he. Obfer- 
vations which have been made of ees Defieéti- 
om ‘aré-the’ following. 
“igi That’ near’ the: Coatt: on Afric di as? for 

a$'You" ‘have pafs’ d' the Canary Ifes you are fire 
to ‘meet ‘a frefh Gale of .N. E. Wind about the 
Latitude ‘of 28 Degrees North, which feldom 
comes to the Eafrwards of the ELN. Es or paf- 
fes the DV NE.’ This Wind accompanies thofé 
bound" 02 4He “Southward, to’the Latitude of 
ten! ‘North! and about’a hundred Leagues from 
the Guinea Coaft, where, till the fourth De= 
gree of North’ ‘Latitude , they fall into the 
Calmes and hee eee of yee: more heres 


aftctl 1 ore 
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+2. ‘hat thofe bound to the Caribbe Iles, find, 
as they. approach the American fide, ‘that the 
afore-faid North-Eaft Wind, becomes ftilbniore 
atid more Eafterly, fo as fometimes to be Baft, 
fometimes Haft by South, but “yet. moft>com-' 
monly to the “Northward-of the Haft:'a Point 
or two, feldom more. ’Tis likewife obferv’d, 
that the ftrength of thefe Winds does gradual- 
ly decreafe, as you fail to the Weftwards. °° 
-> 3, That. the ‘limits of the Trade<and vari- 
able Winds, in this Oceans are farther’ extend 
éd on the American fide than the African’; for 
whereas ‘you meet not with this certain: Wind 
tillafter you have pafs’d the Latitude of twen- 
ty eight degrees on this fide; on the American 
fide it commonly ‘holds to’ thirty, thirty-one, 
or thirty two degrees of Latitude; and this: is 
verified likewife to the Southwards of the A- 
goinottial, for near the Cape of \Good-Hope the 
limits of the Trade Winds, are three. or four 


Degrees nearer the Line, than on the Coaft of 
Praces: o1sdt Ot .woideoxs sidl 40 408 22) 
4. That from ‘the Latitude of four Degrees 
North, tothe afore-faid Limits om the South 
of the Aquator, the Winds aré generally and 
perpetually between the South and Eaft, ‘and 
moft. commonly. between: the South-Eaft ‘and 
Haft, obferving. always this Rule; that on the 
African fide they ‘are more Southerly; ‘on the 
Brafiian more Eafterly; foas to become almoft 
due Baft, the little :defle@ion they’ have being 
{till to: the Southwards: -Ig° this “part .of ‘the 
Ocean it has been my fortune to pafs a full 
Year, in an Employment that oblie’d’me tore- 
gard more than ordinary the Weather, and J 
found the Winds conftantly about the: South- 
Haft, the: moft ufial Point os Eb £3 when it 
) - was 
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was Eafterly. it generally blew hard, aad was 
loomy, ‘dark, and fometimes rainy Weather; 
if it came to the'Southwards it was generally 
Serene, ‘and-a fmall Gale next to a Calm, but 
this nof.very common. But I never faw it to 
the Weftwards.of the South, or Northwards-of 
the Eaft. 7 
- §.Dhat the Seafon of the Year has’ fome 
fall effect on thefe Trade Winds, for that 
When the Sun’ is confiderable to the! North- 
wards of the:Aquator, the South-Hat Winds, 
efpecially in: the Straight of :this Ocean. (if I 
may fo call it) between Brajfile and. the Coaft of 
Guinex, do vary a Point or twoto the South- 
wards, and the North-Eaft ‘become more Hafter- 
ly;.and on the:contrary, when the Sun is to- 
wards: the. Tropick | of Capricorn the South- 
Bafterly Winds become more Ealterly, and the 
North-EHafterly Winds on this fide the Line vere 
moreto the Northwards. | | 
6. That as there is no general Rule that ad- 
mits not of fome exception, fo there is in this 
Ocean a Tract of Sea wherein the -Southerly 
and. South-Weft Winds are perpetual, viz. all 
along the Coalt of Guinea, for above five hun- 
dred Leagues together, from Sierra Leona to 
the.Ifle of St. Thomas ; for the South-Eaft Trade 
Wind having pafs’d the Line, and approach- 
ing the Coaft of Guinea within eighty:or 100 
Leagues inclines towards: the Shore and be- 
comes. S. S. Ei; and by Degrees, as you come 
nearer, it:verés about toSouth, S. S. Weft, and 
in with'the Land South-Weift, and fometimes 
Weft South-Weft:s which Variation is better ex- 
prefs’d in ‘the Mapp hereto annexed,(Vide Plate 
22) thancit:can well be in words. .: Thefeiare the 
Winds which. ate:obferv’d'on this Coaft Gin 
enV OWS 


Muifcellanea Curiofa. 65 
blows true, but thefeare frequeut Calms, Vio- 
lent fuddain Gufts call’d Tornado’s, from all 
Points of the Compafs, and fometimes un- 
wholfome foggy Eafterly Winds call’d Hermitaa 
by the Natives, which too often infeft the Na+ 
vigation of thefe parts. es . 

4. That to the Northwards of the Line, be- 
tween four and ten Degrees of Latitude, and 
between the Metidians of Cape Virde, and of 
the Eaftermoft I{lands that bear that Name, 
there isa Tract of Sea wherein it were impro- 
per to fay there is any Trade Wind, or yet a 
Variable ; for it feems condeiin’d to perpetual 
Calms, attended with terrible Thunder and 
Lightning, and Rains fo frequent, that our 
Navigators from thence call this part of the: 
Sea the Rais; the little Winds that are, be 
only fome fuddain uncertain Gufts, of very lit« 
tle continuance and lefs extent; fo that fome- 
times each hour you fhall have a different Gale, 
which dies away into a Calm before another 
fucceed, arid ina Fleet of Ships in fight of one 
another,eadch fhall have the Wind from a feveral 
Point of the Compafs; with thefe weak Brizes 
Ships are oblig’d tomake the beft of their way 
to the Southward through the afore-faid fix 
Degrees, wherein ’tis reported fome have been 
detain’d whole Months for want of Wind. 

From the three laft obfervables is fhewn the 
Reafon of two notable Occurents in the Eaff- 
India and. Guinea Navigations: The one is, 
why, notwithftanding the narroweft part of the 
Sea between Guinea and Brafile be about five 
hundred Leagues over, yet Ships bound to the 
Southward fometimes, efpecially in the Months 
of Fuly and Auguft, find.a great difficulty to 
pafs it. This happens becaufe of the South- 

- ‘ Eaft 
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Eaft Winds, at that time of the Year com- 
monly extending fome Degrees beyond the or- 
dinary limit of four Degrees North Latitude, 
and withal they come fo much Southerly, as to 
be fometimes South, fometimes a Point or two 
to the Weft ; there remains then only to ply 
to. Wind-ward, and.if on the one fide they 
ftand away W. S. W. they gain the Wind {till 
more and more Eafterly, but there is danger of 


not weathering the Brafilian Shore, or at leaft — 


the Shoals. upon that Coaft. Butif upon the o- 
ther Tack they go away E. 5S. E. they fall into 
the Neighbourhood of the Coaft of Guinea, 
from which there is no departing without run- 
ning Hafterly, as far as the Ifle of St. Thomas, 
which is the conftant practife of allthe Guizy 
Ships, and which may feem very. ftrange with- 
out'the .confideration of the fixth Remark, 
which fhews the-reafon of it: For being in with 
the Coaft, the Wind blows generally at.S. W. 
and W.S.W. with which Winds they cannot 
go to the Northward for the Land, and on the. 
other Tack they can lie no nearer the Wind 
than S.S. E. or South;. with thefe Courfes 
they run off the Shore, but in fo doing they al- 
ways find the Winds more and more contrary 3 
fo that when near the Shore they could. lie: 


South, at a greater diftance they can make their, 


way no. better than S. E. and afterwards E.S.E. | 


with which courfes they fetch commonly the 
Ifle of St. Thomas and Cape Lopez, where find=. 
ing the Winds, to the Eaftward. of the South: 


they keep them favourable by running away to 


the Weftward in the South Latitude, of three _ 


or four Degrees, where the S. E. Winds are: 
perpetual 
~ For the fake; of thefe general Winds, all 


thofe | 
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thofe that ufe the We/t-Indian Trade, even thofe 
bound to Virginia, count it their beft courfe to 

set as foon asthey can to the Southwards, that 
3 they may be certain of a fair and frefh Gale 
to run before it tothe Weftwards ; and for the 
fame reafon thofe homewards bound from 4- 
merica, endeavour to gain the Latitude of thirty 
Degrees, as foon as poflible, where they firit 
find the Winds begin to be Variable, though 
the molt ordinary Winds in the Northern part 
of the Atlantick, Ocean come from between the 
Southand Weft. =p 

As to thofe furious Storms call’d Hurricanes, 
which are, as it were, peculiar to the Carzbbe 
Tfles; and which fo dreadfully afi them in 
the Month of Auguff, or not much before or 
after, they do not fo properly belong to this 
place, both by reafon of their {mall continu- 
ance and extent, as likewife becaufe they are 
not Anniverfary, fome Years having more than 
one, and fometimes for feveral Years together 
there being none at al]. But their Violence is 
fo unconceivable, and their other Phenomena 
fo furprifing, that they merit well to be con- 
fider’d apart. 

What is here faid, is to be underftood of the 
Sea Winds at fome diftance from the Land; for 
upon and near the Shores, the Land and Sea 
Brizes are almoft every where fenfible ; and 
the great Variety which happens in their Pe- 
riods, Force and Direction, from the fituation 
of the Mountains, Vallies and Woods, and 
_ fromthe various Texture of the Soil, more or 
- lefs capable of retaining and reflecting Heat, 

and of exhaling or condenfing Vapours is fuch, 
that it were an endlefs task, to endeavour to 
account for them. 


F 2 Il, In 
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Il. In the Indian Ocean, the Winds are part- 
ly general, as in the e£thiopick Ocean, partly 
Periodical, that is, half the Year they blow one 
way, and the other half near upon the oppo- 
fite Points; and thefe Points and Times of 
fhifting are diffeent in different parts of this 
Ocean ; the limits of each tract of Sea, fubjec& 
to the fame change orMon/oou, are certainly ve- 
ry hard to determine, but the diligence I have 
ufed to be rightly inform’d, and the care I have. 
taken therein, has, in a great meafure, fur- 
mounted that difficulty, and 1 am perfwaded 
that the following particulars may be relied 
upon. asa 

a That between the Latitudes of ten De- 
grees and thirty Degrees South, between A4a- 
dagafcar and Hollandia Nova, the general Trade. 
Wind about the S. E. by E. is found to blow all 
the Year long, to all Intents and Purpofes af-. 
ter the fame manner as in the fame Latitudes. 
in the e“thiopick, Ocean, as it is defcribed in 
the fourth Remark aforeging. | 

2. That the aforefaid S. E. Winds extend to 
within two Degrees of the e#quator, during 
the Months of Sune, Fuly, Auguft, &c. to No- 
vember, at which time between the South: Lati- 
tudes of three and ten Degrees, being near the 
Meridian of the North end of Madagafcar, 
and between two and twelve South Latitude, 
being near Sumatra and Fava, the contrary 
Winds from the N. W. or between the. 
North and Weft, fet in and blow for half the 
Year, vz. from the beginning of December till 


May and this AZon/oon is obferv’d as far asthe -- 


Afolucca Viles, of which more anon.. 


3. That 
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3. That to the Northward of three Degrees 
South Latitude, over the whole Arabian or — 
Indian-Sea and Gulph of Bengal, from Sumatra 
to the Coaft of Africa, there is another AZon- 
foon, blowing, from Oéfober to April upon the 
North Eaft Points; but in the other half Year, 
from April to Offeber, upon the oppofite Points 
of S. W. and W.S.W. and that with rather 
more’ force than the other accompanied with 
dark rainy Weather, whereas the N. E. blows 
clear; ’tis likewife to be noted, that the Winds 
are not fo conftant, either in ftrength or point 
in the Gulph of Bengall, as they are in the Jn- 
dian-Sea, where a certain and fteady Gale fcarce 
ever fails. ’Yis alfo remarkable, that thes. . 
W. Winds in thefe Seas are generally more 
Southerly on the African fide, more Welterly 
on the Indian. | 
4. That asan Appendix to the laft defcribed 
Monfoon, there is a Tract of Sea to the South- 
wards of the Aquator, fubje&t to the fame 
changes of the Winds, viz. near the African- 
Coaft, between it and the Ifland Adadagafcar or 
St. Laurence, and from thence Northwards as 
far as the Line; wherein from. April to Offtober 
there is found a conftant freth S. S. W. Wind, 
which, as you go more Northerly, becomes 
fill more and more Wefterly, fo as to fall in 
with the W.'S. W. Winds, mention’d before, in 
thofe Months of the Year to be certain to the 
Northward of the Aquator : What Winds 
blow in thefe Seas, for the other half Year, 
from Oéfober to April, I have not yet been able 
to obtain to my full fatisfaGtion, for that our 
Navigators always return trom Jzdia without 
Madagafcar, aud fo are little acquainted in this 
matter 5 the Account that has been given me is 
: 3 only 
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only this, that the Winds are much Eafterly 
hereabouts, and as often to the North of the 
true Eaft as to the Southwards thereof. 
~g. That to the Eaftward of Sumatra and 
Malacca, to the Northwards of the Line, and 
along the Coaft of Camboia and China, the 
. Monfoons blow North and South, that is to fay, 
the N. E. Winds are much Northerly, and the 
S..W. much Southerly: This Conftitution 
reaches tothe Eaftwards of the Philippine-Ifles,. 
and as far Northerly as Fapan. The Northern 
Monfoon fetting in, in thefe Seas, in October or 
November, and the Southern in A¢ay, blowing 
all the Summer Months: Here it 1s to. be not- 
ed, That the Points of the Compafs, from 
whence the Wind comesin thefe Parts of the 
World,are not fo fixt asin thofe lately defcrib’d; 
for the Southerly will frequently pafs a Point or 
two to the Eaftwards of the South, and the 
Northerly as much to the Weftwards of the 
North, which feems occafion’d by the great 
quantity of Land which is interfpers’d in thefe 
Seas. | | 
~°6. That inthe fame Aferidians, but to the 
Southwards of the A:quator, being that Traét 
lying between Sumatra and Favatothe Weft, 
and New Guizea to.the Eaft, the fame Norther-: 
ly AZonfoons are obferv’d, but with this differ-. 
ence, that the inclination of the Northerly is: 
towards the N. W. and of. the Southerly to-: 
wards the S. B. but the plage. vert:, are not more: 
conftant here than in the former, zz. variable: 
five or fix Points; befides the times of, the: 
Change of thefe Winds, are not the fame as 
in the Chinefe Seas, but about a Month or { 


1X 
Weeks later. ‘ 


>. That! 
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» That thefe contraryWinds do not fhift all at 
once, but in fome places the time of the change 
is attended withCalms, in others withvariable 
Winds ; and it is particularly remarkable, that 
theend of the Wefterly AZonfoon on the Coaft 
of Coromandel, and the two laft Months of the 
Southerly AZonfoon in the Seas of China are very 
fabje& to be tempeftuous: The violence of 
~thefe Storms is fuch, that they feem to be of 
the Nature of the Weft-India Hurricanes, and 
render the Navigation of thefe‘parts very un- 
fafe about that time of the Year. Thefe Tem- 
pefts'are by our Seamen ufually tern’d, The 
breaking up of the Monfoons. 
_. By reafon of the fhifting of thefe Winds, all 
thofe that fail in thefe Seas, are oblig’d- to ob- 
ferve the Seafons’proper for their Voyages, and 
fo doing they fail not of a fair Wind and fpeedy 
Paflage; but if fo be they chance to out-ftay 
their time till the contrary AZoxfoon fet in, as it 
_ frequently happens, they are forc’d to give o- 
ver the hopes of accomplifhing their intended 
Voyages, and either return: to the Port from 
whence they came, or elfe putin to fome other 
Harbour, there to fpend the time till the Winds 


fhall come favourable. 


_. Til. The third Ocean call’d Mare Pacificum, 
whofe extent is equal to that of the other two 
- Qt being from the Welt Coalt of America to the 
Philippine Vflands, not lefS than 150 Degrees of 
Longitude) is that which is léaft known to our 
own or the Neighbour Nations; that Naviga- 
tion that there is on it, is’ by the Spaniards, who 
go Yearly from the Coaft of New Spaiz to the 
| Manilha’s, but that but by one beaten track 5 16 
that I cannot’ be fo particular here as i the o- 

DLV eee ae ther 
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ther two. What the Spanifh Authors fay of the 
Winds they find in their Courfes, and what is 
confirm’d by the old Accounts of Drake and 
Candifb, and fince by Schooten, who fail’d the 
whole breadth of this Sea in the Southern Lati- 
tude of fifteen or fixteen Degrees, is, that there 
is a great conformity between the Winds of this 
Sea, and thofe of the Atlantickhand e4thiopick 3 
that is to fay, that to the Northwards of the 
Equator, the predominant Wind. is between 
the Eaft and North-Eaft, and .to the South- 
wards thereof there is a conftant :fteady Gale be- 
tween the Haft and South-Eaft, and that on 
both fides the Line with fo much conftancy, 
that they fcarce ever need to attend the Sails, 
and Strength, that itis rare to fail of croffing 
this vaft Ocean in ten Weeks time, which is a- 
bout 130 Miles per diem 5 befides ’tis faid that 
Storms and Tempefts are never known in thefe 
parts: So that here is the very beft of Sailing; 
no want of a frefh fair Wind, and yet no danger 
of having too much: Wherefore fome have 
thought it might be as fhort'a Voyage to Fa- 
pan and China, to go by the Streights of AZagel- 

lan, as by the Cape of Gaod-Hope. C$ 
The limits of thefe general Winds are alfe 
much the fame as in the Atlantick, Sea, viz. a- 
bout the thirtieth Degree of Latitude on both 
fides; for the, Spamards -homewards bound 
from the Manhil@s, always take:the advantage 
of the Southerly Aoxfoon, blowing there in the 
Summer Months, and run up to the:North- 
wards of that Latitude, as high as Fapan, be- 
fore they meet with variable Winds, to fhape 
their Courfe to the Eaftwards. And Schooten 
and others that have gone about by the JZagel- 
dan Streights, have found the limits of S. B, 
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Winds, much about the fame Latitude to the 
Southwards; befides a farther Avalogy between 
the Winds of this Ocean, and the -€thiopick; 
appears in that, upon the Coaft of Peru, they 
are always much Southerly, like as they are 
found near the Shores of Angola. | 
Thus far Matter. of Faét, wherein if the in- 
formation I have receiv’d be not in ali parts 
Accurate, it has not been for want of inquiry 
from thofe I conceiv’d beft able to inftruct me; 
and IJ fhall take itfor a very great Kindnefs ifa- 
ny Mafter of a Ship, or other Perfon, well in- 
form’d of the Nature of the Winds, in any of 
the aforementioned parts of the World, shall 
-pleafe to communicate their Obfervations there~ — 
upon; fo that what I have here Collected may 
be either confirm’d or amended, or by the ad- 
dition of fome materia] Circumitances enlarg’d. 
It isnot the work of one, nor of few, but of a 
- multitude of Obfervers, to bring together the 
experience requifite to compofe a perfe& and 
compleat Hiftory of thefe Winds; however I 
am not much doubtful that I. have err’d in, or 
omitted any of the principal Obfervables, what- 
ever lefler particulars may have efcaped my 
knowledge. | | : 

To helpthe Conception of the Reader in a 
manner of fo much difficulty, I believ’d it necef- 
fary to.adjoin a Scheme, Plate 2. fhewing at one 
view all the various Tracts and Courfes of thefe 
Winds; whereby ’tis poffible the thing may be 
better underftood, than by any verbal Defcrip- 
tion whatfoever. | porn 
' The Limits of thefe feveral Tra&ts are de- 
figned every where by prickt Lines, as well in 
the Arlantick, and eAithiopick, where they are 
the boundaries of the Frade and variable Winds, 

ag 
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asin the Jzdian Ocean, where they alfo fhew 
the extent of the feveral Afonfoons. 1 could 
think.of no better way to defign the: coutfe-of 
the Winds on the Map, than by drawing rows: 
of ftroaks in the fame Line that a Ship would: 
move going always before it; the fharp end. of 
each little ftroak pointing out that part of the 
Horizon, .from whence the Wind continually 
comes; and where there are AZonfoons , the 
rows of the ftroaks run alternately backwards 
and forwards, by which means they: are thicker 
there than elfewhere. As to the great: South 
Sea, confidering its vaft extent, andi the little 
Variety there is in its Winds, and the great 
Analogy between them, and thofeof the Arlaz- 
gitk-and e£thiopick Oceans; befidés that the 
. greateft part thereof is wholly unknown to us35 
[thought it unneceflary to lengthen the Map 
-¢therewith.. : 
Inthe foregoing Hiftory are contained feve- 
- val Problems, that merit well the Confideration 
of our acuteft Naturalifts, both by reafon of the 
conftancy of the Effect, and’ of the immenfe 
Extent thereof; near half the Surface of the 
Globe being concerned. The chief of thefe 
Problems are, 1. Why thefe Winds are perpe- 
tually from the Eaft in the Atlantickand e£thio- 
pick, as likewife in the Pacifick, Ocean, beteveen 
the Latitudes of 30 North and South. >2.,Why ~ 
the faid Winds extend no farther with Conftan= 
cy than to the Latitudes of 30 deg. 3. Why © 
there fhould be a conftant South-wefterly Wind 
upon and near the CoaftofGuinea. 4: Why in 
the North-part of the Jzdiaz Ocean the Winds, 
which for one half year do agree with thofe of | 
the other two Oceans, fhould change: in theo 
ther. half Year, and. blow from the oppofite 
| Points ; © 
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Points; whilft the Southern part of that Ocean 
follows the General Rule, and has perpetual 
Winds about S. E. 5. Why in thefe General 
Trade-Winds it fhould be always true, that to 
- the Northward of the equator it is inclined to 
the Northwards of the Eaft; and in South La- 
titudes, to the Southward thereof. 6. Why in 
thefe Seas of China there fhould be fo great an 
Inclination from the Eaft to the North, more 
than elfewhere ; with many more, which it 
would be much eafier to propofe than anfwer. 
. But left I fhould feem to propofe to others, 
difficulties which I have not thought worth my 
own time and Pains, take here the refult of an 
- earneft Endeavour after the true reafon of the 
aforefaid Phenomena, wherein if 1 am not able 
to account for all Particulars, yet ’tis hoped'the — 
Thoughts I have. fpent thereon, will not be 
judged wholly loft, by the curious in Natural 
Enquiries, | oath 
Wind is moft properly defined to be the 
Stream or Current of the Air, and where fuch 
a Current is perpetual and fixt in its courfe, ’tis 
neceflary that it proceed from a permanent un- 
intermitting Caufe. Wherefore fome have beeit 
inclined to propofe the diurnal Rotation of the 
Earth upon its Axis, by which, as the Globe 
turhs Eaftwards, the loofe and fluid Particles 
ofthe Air, being fo exceeding light as they'bey 
_areleft behind, fo that in refpeé of the Harths 
_ Surface they move Weftwards, and become a 
conftant Hafterly Wind. This Opinion feems 
- confirmed, for that thefe Winds are found only 
_ hear the e£quinoétial, in thofe Parallels of Lati- 
tude where the diurnal Motion is fwifteft; and 
I fhould readily: affent to it, if the conftant 
Calms in the Arlantick, Sea, near the wfguator 5 
the 
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the Wefterly Winds near the Coaft of Guizy ; 
and the: Periodical -Wefterly Atonfoons under — 
the e#iquator in the Indian Seas,did not declare 
infufficiency of that Hypothefis. Befides the Air 
being kept to the Earth by the Principle of 
Gravity, would acquire the fame degree of Ve- 
locity that the Earths Surface moves with, as 
well in refpect of the diurnal Rotation, as of the 
Annual about the Sun, which is about thirty 
times {wifter. . | 

-It. remains therefore to fubftitute fome other 
caufe, capable of producing a like conftant ef- 
feét, not liable to the fame Objections, but a- 
greable to the known Properties of the Hle- 
ments of Air and Water, and the Laws of the 
Motion of fluid Bodies. Such an one is, I con- 
ceive, the Action of the Sun Beams upon the 
Air and Water, as he paffes every day over the 
- Oceans, confidered together with the Nature 

of the Soil, and Situation of the adjoining Con- 
tinents : I fay therefore, firft, that according 
to the Laws of Staticks, the Air which is lefs 
rarified or expanded by heat, and confequently 
more ponderous, muft have a Motion towards 
thofe parts thereof, which are more rarified, 
and lefs ponderous, to bring it to an e#quili- 
brium ; and fecondly, that the Prefence of the 
Sun continually fhifting to the Weftwards, that 
part towards which the Air tends, by reafon 
of the Rarifa&tion made by his greateft ALeridian 
Heat, is with him carried Weftward, and con- 
fequently the tendency of the whole Body of 
the lower Air is that way. 

Thus a general Eafterly Wind is formed, 
which being impreffed upon all the Air of a vaft 
Ocean, the Parts impel one the other, and fo 
keep moving till the. next return of the Sun; 

whereby _~ 
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whereby fo much of the Motion as was loft, is | 
again reftored, and thus the Wefterly Wind is 
Metve perpetual. fe by | 

From the fame Principle it follows, that this 
Eafterly Wind fhould on the North-fide of the 
eAquator,be to the Northwards of the Eaft, and 
in South Latitudes tothe Southwards thereof ; 
for near the Live, the Air is much more rarified, 
than at a greater diftance from it ; becaufe of 
the Sun twice in a Year Vertical, and at no 
time diftant above 23 deg. and a half 5 at which 
diftance the Heat, being as the Sine of the An- 
gle of Incidence, is but little fhort of that of 
the perpendicular Ray. Whereas under the 
Tropicks, though the Sun ftay long Vertical, 
yet he is as long 47 deg. off; which is a kind of 
Winter, wherein the Air fo cools, as that the 
Summer-heat cannot warm it to the fame de- 
gree with that under the Aquator. Wherefore 
the Air to the Northwards and Southwards, be- 
ing lefs rarified than that in the middle, it 
follows, that from both fides it ought to tend 
towards the Aquator: This Motion compoun- 
ded with the former Eafterly Wind anfwers all 
the Phenomena of the general Trade-winds; 
which, if the whole Surface of the Globe were 
sea, would undoubtedly blow all round the 
World, as they are found to do in the Atlantick 
and e#thiopick, Oceans. 

But feeing that fo great Continents do inter- 
pote and break the continuity of the Oceans, 
regard muft be had to the Nature of the Soil, 
and the Pofition of the high Mountains, which 
I fuppofe the two principal Caufes of the feve-. 
ral Variations of the Winds, from the former 
general Rule: For if a Country lying near the 
sun, prove to be flat, fandy, low Land, fuch 

as 
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as the Defarts of Lybia are ufually reported to’ 
be, the Heat occafioned by the Reflection of 
the Suns Beams, and the retention thereof in 

the Sand, is incredible to thofe that have not 

felt it ; whereby the Air being exceedingly ra- 
rified, it is neceflary that the cooler and more 

denfe Air fhould run thitherwards to reftore 
the equilibrium: This I take to be the caufe, - 
why near the Coaft of Guinea the Wind always 

fets in upon the Land, blowing Wefterly in- 

ftead of Eafterly, there being fufficient reafon 

to believe, that the Inland Parts of Africa are 

prodigioufly hot, fince the Northern Borders 

thereof were fo intemperate, as to give the 

Ancients caufe to conclude, that all beyond the 

Tropick was made inhabitable by excefs of Heat: 

From the fame caufe it happens, that there are 

fo conftant Calms in that part of the Ocean, 

called the Raives, (def{cribed in the 7th Remark 

on the Atlantick Sea) for this Traé& being pla- 

ced in the middle, between the Wefterly Winds 
blowing on the Coaft Guinea, and the Eafterly 

‘Trade-winds, blowing to the Weftwards there- 
of, the tendency of the Air here, is indifferent 

to either, and fo ftands in e#quilibrio between 

' both; and the weight of the incumbent At- 
mofphere being diminifhed by the continual 

contrary Winds blowing from hence, is the 
reafon that the Air there holds not the copious 

Vapour it receives, butélets it fall into frequent 

Rains. ' tat: 

But as to the cool and denfe Air, by reafon of 
its greater Gravity, prefles upon the hot and 
rarified, ’tis demonftrative that this latter muft 
afcend ina continued ftream as faft it rarifies 5 
and that being afcended, it muft difperfe it felf 
to preferve the equilibrium ; that is, by a 

contrary 
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| contrary Current, the upper Air muft move 


from thofe Partswhere the greateft Heat is: So 


_ bya kindof Circulation, the North-Haft Trade 


Wind below, will be attended with a South- 
Wefterly above, and the South Eafterly with 
witha North-Weft Wind above; that thisis more. 
than a bare conjecture, the almoft inftantaneous 
change of the Wind to the oppofite Point, which 
is frequently found in paffing the limits of the 
Trade-winds, feems to affure us; but that 
which above all confirms this Alypothefis is the 
Phanomenon of the Monfoons, by this means moft 
eafily folved, and without it hardly expli- 
cable. : ieee 
_ Suppofing therefore fuch a Circulation as a= 
bove, ’tis to be confidered that to the North- 
ward of the Jzdian Ocean there is every where — 
Land within the ufual limit of the Latitude of 
30. viz. Arabia, Perfia, India, &c. which for 
the fame reafon as the Afediterranean Parts of 
Africa, are fubjeé to unfufferable Heats when 
the Sun is to the North, pafling nearly Verti- 
cal, but yet are temperate enough when the 
Sun is removed towards the other 7} ropick: be= 
caufe of a ridge of Mountains at fome diftance 
within the Land, faid to be frequently in Win- 
ter covered with Snow, over which the Air, as 
it paffes, muft needs be much chilled. Hence 
it comes to pafs that the Air coming accord- 
ing to the general Rille, out of the NV. E. in 
the Indian Seas, is fometimes hotter, fometimes 
colder, than that which by this Circulation is 


‘returned out of the S. W. and by confequence, 


fometimes the under Current or Wind is from 
the N. E. fometimes from the S. W. 


That 
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That this-has no other Caufe, is clear fromi| 
the times wherein thefe Winds fet in, viz. in. 
April, when the Sun begins to warm thofe 
Countries to the North, the S. W. ALonfoon 
begins, and blows during the Heats till Oftober ¢ 
when the Sun being retir’d, and all things grow- 
ing cooler Northward, and the Heat increafing 
to the South, the North-Eaft Winds enter and 
blow all the Winter till April again. And it is 
undoubtedly from the fame Princlple that to 
the Southwards of the Aquator, in part of the 
Indian Ocean, the North-Weft Winds. fucceed” 
the South-Eaft, when the Sun draws near the. 
Tropick, of Capricorn, but I muft confefs, that 
in this latter occurs a difficulty, not well to be 
accounted for, which is, why this Change of 
the AZonfoons fhould be any more in this Ocean, 
than..in the fame Latitudes in ‘the ethiopick, 
where there is nothing more certain than aS. E. 


- Tis likewife very hard to conceive why the 
limits of the Trade-Wind fhould be fixt, about 
the thirtieth Degree of Latitude all round the 
Globe ;:and-that they fhould fo feldom tran: 
refs or fall fhort of thofe bounds ; as alfo that. 
in the ,Jndian Sea, only the Northern Part» 
fhould; be: fubje& to the changeable Adon/oons,. 
and in the Southern there be a conftant S, BE. 
. Thefe are Particulars that merit to be cdnfi- 
der’d more at large, and furnifh a fufficient 
Subject fora juft Volume, which will be a very 
commendable Task for fach, who being ufed 
to Philofophick Contemplation, fhall have lea- 
fure to apply their ferious Thoughts about it: 
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A Difemre of the Rade ofthe DED 
creafe of the bee bt of the Mercury 


in the Barometer, according as 


Places are elevated above the Sur- 


face of the Earth ; with an Ate 


tempt to difcover the true Reafon 


of the Rifing and Falling of .the 
Mercury, upon Change of Wea- 
ther. By Edm. Halley. | 


PYVHE Elaftick Property of the Air has 
| been long fince made out, by Experiments 


before the Royal Society and elfewhere; and 


the Refiftance of its Spring is found to be near= 
ly equal to the Weight or Force that compref* 
fes it ; as alfo, that the Spaces the fame Air oc= 
cupies, under: differing Preflures, are recipro= 
cally as thofe Preflures: It has been fhown like= 
wife by undoubted Experiment, that the fpeci- 


fick Gravity of the Air, near the Earth’s Sur 


face to that of Water, was once as i to $40; 
again as 1 to $§23 anda third time, ina very 


large Veffel holding 10 Gallons, as 1 to 8605 


ail which, confidering the difficulty of the Exs 


periment, agree well enough, the Mercury ftand- 
ing at all thofe times about. 29 Inches 4: But 


_ by reafon, ’twas Summer-weather, and confe- 


G — quently, » 
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quently the Air rarified; when all thefe were | 
tried, we may without fenfible Error fay in 

round numbers, that the Barometer ftanding at 

30 Inches, and in a mean State of Heat and 

Cold; the fpecifick Gravity of the Air to Wa- 

ter, isas.1,to 800. By the the like Trials the 

Weight of Mercury to Water, is as 13% to 1, 

_Or_very near it; fo that the weight of Mercu- 

ry to Air, is as 10800 to 1;.and a Cylinder of 
Air of 10800 Inches or 900 Feet, is equal to an 

Inch.of Mercury; and were the Aur of an equal 

denfity like Water, the whole Atmofphere would 

be.no more than-§, 1 miles high, and in the 

Afcent of every 900 Feet the Barometer would 

fink an Inch, But the,Expanfion of the Air in- 

creafing in the fame proportion as the incum- 

bent weight-of the Atmofphere decreafess that 

is, as the Mercury in the Barometer fi nks, the 
upper Parts of the Ar are much more rarified 

than the‘lower, and;each Space anfwering toan: 
Inch of Quickfilver grows, greater and greater; 

fo that the Atmofphere.. mutt be extended to a 
much greater height... Now, upon thefe Prin- 

ciples, to determine the height. of, the Afercury 
at any affigned height.in the Ai 5 and. e.contra, 

having the height of the Aéercury given,, to. find 

the’ Height of the Place where. the Barometer, 
ftands, are Problems not more dificult than cu- 

rious; and which I.thus refolve. 

- Uke Expanfions ofthe Air being recipr ocally, 
as the heights.of the Adercury, itis evident, that 
by the help of the Curve of the Hyperbola and its’ 
Ajymptotes, the faid. Expanfions may, be expoun- 
ded:to any given height of the Mercury : For by 
the6sth Prop. lib. 2. Conic. Adydorgii, the Rettan- 

eleiy ABC Ey AKGE, ALDE, Ge. (in, 
Plater: Fig. 4. are always equaland confequently 
the | 
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the fides} C'B, G'K,' LD, Oe. are ig gt 
a§ the'fides' 4 Bid K, AL, &c. If then the 
Lities” 4° Bi) 4 RAL, be’ fuppofed ‘equal to 
theheights of “the Azerciry, or the prelfares’ of 
_the Atmofphere, the Linds CB KG5'L Dy ane 
_fwering thereto, will be as the Expanfions of 
the 4ir under thofe Preflures, or the bulks that 
the. fame quantity of Air will occupy ; which 
Expanfions being taken’ infinitely many, and 
infinitely little; (according to’ the Method of 
Indivifiktes) their Summ will’ give the Spaces 
of Air between the feveral heights of the Baro- 
meter, that is to fay, the Summ of all the Lines 
between C B and K G, or the Area CB KG, 
will'be proportioned to’ the diftance or fpace 
intercepted between the Levels of two Places in 
the Air, where“the Aercury would ftand at the 
licights reprefented' by the Lines 4B, 4K; {0 
then'the Spaces of Air anfwering to equal Parts 
of Mercury in the Barometer, are as the _Area’s 
CB KG, GKLD,DLFM, Gc. Thele Area's 
agaitare, by the Demonftration of Gregory of 
St? Vincent, proportionate to the Logarithms of 
the Numbers exprefling thé Rationes of AK to 
AB, ‘of AL to AK, of AM to AL, Oe. 
So then by the common’ Table of Locarithms, 
the height of any Place in the -Armofphere, ha- 
ving"any afligned height of the Azercury may 
moft' eafily be found: For the Line CB in the 
Hyperbola, whereof the -drez’s defign the Tabular. 
Logarithms, being 0, 0144765 ;, “twill be, as 
©. 0144765, tothe difference of the Logarithms 
of’ 30, and any* other leffer Number, for 900 
Peet or the Space anfwering to an Inch of Afer- 
eury, if the Air were equally preft with 30 Inches 
of Afercury, and every where alike, to. the 
height of the Barometer in the Air, where it 

pees G 2 will 
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will ftand at that lefler number of Inches: And 
by the Converfe of this Proportion may. the 
height of the Mercury be found, having the Al- 
titude of the Place given. From thefe Rules L 
deriv’d the Ppllowing Tables. 


A Table fhewing the Al-\ A Teble fhewing 


Inch. 


390 


29 
28 
27 
26 
25 
20 
1§ 
10 

5 

I 


Oras 
Oo 25 
oO. I 
©. Ol 
&, OOL §3 mil, 


titude,to given heights 
of the Mercury. 


Feet. 


a) 
915 
1862 
2844 
3363 
4922 
10947 
18715 
29662 
48378 
91831 


110547 
129262 


29 mil. or 154000 
41 mil. or 216169 
278338 


the heights of ive 
Mercury , 
viueoylleiridels 
Feet Inch 
fe 30 00. 
1000 28 ot 
2060 27 86 
3000 - 26 85 
4,000 25 87 
5000 feet 24 93 
I.mile . 24.67 
2 20 209. 
3 16 68 
4 1372 
5 Ii 28 
kee 4 24 
Ig 1 60 
20 0 95 
25 O 23 
30 0 0§ 
40 QO O12 


Upon 
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¥ PON thefe Suppofitions it appears, that — 
L at the height of 41 Miles the dr 1s. fo 
rarified, as to take up 3000 times the Space it 
occupies here, and at $3 Miles high it would 
be expanded above 30000 times; but it’s pro- 
bable that the utmoft Power of its Spring can- 
‘not exert it felf, to fo great an Extenfion, and 
that no part of the Atmofphere reaches above 
4§ Miles from the Surface of the Barth. 

This feems confirmed from the Obfervations 
of the Crepufculum, which is obferv’d common- 
la to begin and end when the Summ is about 
18 degrees below the Horizon; for fuppofing 
the Air to refle& light from its moft rarified 
Parts, and that as.long as the Sun illuminates 
any of its Atoms, they are vifible to an Eye not 
intercepted by the Curvity of the Earth, it will 
follow from Fzg.5. Plate 1. that the proportion of 
the height of the whole_4ir,to the Semi-diameter 
of the Earth, is much about, as1 to 90, or as 
the excefs of the Secazt of about 83 degrees to 
the Radius. For if E be the Eye of the Obferver, 
Sa Place where the Sun fets at the end of Twi- 
light in £, and the Arch “ECS, or TCA be 
found 18 degrees, the excefs of the Secant of 
half thereof EC H, would be the height of the 
Ai, viz. GH: But the Beam of the Sun 
ASH, and the Vifual Ray EH, do each of 
them fuffer a RefraGtion of about 32 or 33 Mi- 
nutes, whereby being bent inwards from 
towards G, the height of the Air need not be 
fo great as if they went ftreight; and having 
from the Angle ECS taken the double Refra~ 
ction of the Horizontal Ray, the half of the 
Remainder will be 8} degrees: Circiver, whofe 
Seeant being 19 111, it follows. that as 10900 


(5 4 ta 


17 
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to 111, fo the Semi-diameter of the Earth fup- 
pofed 4000 Miles, tio 444 Miles 5 which Will 


be the height'of the whole sir, if the Places B, 


5S; whofe. viliblaisPortions: of the Arviofphere — 
EKZ Hy, and S RB jult touch one the other, 
be 18 degrees afunder= ovodes bobusqxzo od 


- At this height their is expanded: into! a4 
bove 3000 timés the fpace it occupies -here,and 
we have feen the Experience of ‘condenfing it 
into the Goth partiof the fame Space ; fo that 
it fhould feem;. that the Air ‘isa Subftance ‘ca- 
pable- of being comprefléd into the «180000th 
part of the Spacelit would’ naturally take up) 
when free from preflure. Now what. Texturé 
or Compofition of Parts fha}] be capable of. this 
great Expanfion and Contra@ion, feeris avery 
hard. Qneftion 3! and which, Tl fappofe, °is fearce 
fuficiently aécounted for, by comparing it ‘to 
Wool, Cotton,! andthe like {pringy Bodies. 
» Hithérto Tl have only confider’d the Avr and 
Atmofpbere, as one unalter’d’ Body, as having 
conftantly at the Earth’s Surface the 8ooth 
part of the weight of Water) and being capable 
of Rarefaction ‘and: Condenfation - a7 infimiruns ; 
neither of which “Alypothefes are ivigidly : true+ 
For here in England its) notorioufly ‘known, 
that the weight of the whole _Atmo/phere.is va- 
rious, being counterpoifed fometimes. by 2B 
Inches. of Agercury;:and''at other times by: Ae 
lefS than 303 3)fo' that: thesunder: parts being 
prefled by about: a rsth part, lefs wereht, the 


_ fpecifick Gravity. of the Air upon that feore will 


foinetimes be a 15th part lighter than another ; 
befides Heat and Cold does very confiderably 
dilate and ‘contract the Air, and confequently 
alter its Gravity 3 to which add the mixture of 


Effuvia, or teams arifing from ‘aloft: dlpBo- 


dics, “a 
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ae 


which they,cannot exceed, ‘when freed from all 
CRESS STE ra nh en hate 

Thefe Objections being true, do difturb the 
Geometrical Accuracy of thefe Conclufions ; 
drawn from the fpecifick Gravity of the dir 
obferv’d at any time 5 but the ‘Method here 
fhewn will compute by. a like Calculation, rhe 
heights of the Quick-filver,, and the Rarefi@ions 


sf of 


4 
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of the Air from any affigned height of the Ba- 
yometer at the Rarth’s Surface, and any fpecifick 
Gravity given. Asto the Condenfationand Rare- 
faction by Heat and Cold, and the various mix- 
ture of Aqueous and other Vapours, thefe two 
Objections feem generally to compen fate each o- 
ther; for when the Air is rarified by Heat, they 
~are raifed moft copioufly;fo that tho’ the Air pro- 
perly fo called, be expanded, and confequently 
lighter, yet the Juterftzces thereof being crou- 
ded ‘full of Vapours of much heavier Matters, 
bulk for bulk, the weight of the Compofitum 
may continue much the fame; at leaft a moft 
curious Experiment made by the Ingenious 
Mr. Fobn Cafwell, of Oxford, wpon the top of 
Snowdon Hill, in Caernarvanfhire, feems to prove, 
that the firft Inches of Agercury have their Por- — 
tions of Air near enough to what I now deter- 
mine; For the height of the Hill being 1240 
Yards, or very near it, he found the Azfercury 
to have fubfided to 25, 6 Inches or 4. Inches be- 
Jow the mean Altitude thereof at the Level of 
the Sea, (which isa greater difference. than has 
been found in any of our former Experiments,) © 
and the Space anfwering to 4 Inches, by my 
Calculation, fhould be 1288 Yards; and it a-— 
grees as well with the Obfervations 1n the Me 
pendix to Mr. Pafcall’s Book, del? Equilibre des 
Liqueurs, made on the high Hill in Auvergne, 
cal?'d le puy de Domme. So that the Rarefa- . 
faction and Vapours feem. not to have altered 
confiderably, the Gravity of the under Parts of 
the dir; and much above the height where 
thefe Experiments were made, do few Vapours - 
afcend, and the Coldis fuch that the Snow hes 
continually, fo that for the more clevatéd ‘Parts | 
of the Sphere of 4ir,there is much tefs Reafoa to 
doubt. < — ey is | But 
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But now we have had occafion ~to mention 
the difference there is between the height of the 
_ Mercury at onetime, from the height thereof 
at another, it may not be unacceptable to offer 
at fome Reafons for the faid difference ; which, 
atieaft to my felf, feem to have fome appea- 
dance of Truth. Firft, then it’s undoubtedly 
“demonftrable, that the height of the Cylinder 
of Afercury is equal to the weight of the whole 
incumbent Air, and confequently that’ that 
whole is fometimes a fifreenth more than at 
other times; which cannot otherwife be, but 
by the accefs of new Matter when ’tis heavy, 
and its diminution when ’tis light; that Hypo- 
thefis therefore that fhews how the 47 fhall be 
encreafed or diminifhed , in any particular 
_ place, will give a Reafon for the greater-and 
leffer height of the Azercury in the Barofcope-: 
But to direct us in the choice of the feveral Cau- 
_fes, which may be affigned for the Increafe and 
Decreafe of the Air, *twill not be unneceffary 
to enumerate fome of the principal Obferva4 
tions made upon the Bzrometer, moft whereof 
are fufficiently known already ‘to all thofe that 
are curious in thefe Matters. Pe 22°85 Ostonin 


The Firft is, that in calm Weather when'the 
Air is inclined to Rain, the Mercury is: com- 
monly low. iioeh aaa eee Ae 


2. That in ferene good fettled Weather the 
Mercury is generally high. cannes 
3. That upon very great Winds, tho’ ‘they 

be not accompanied with Rain,the Mercury finks 
loweft of all, with relation to the Point ‘of the 

- Compafs the Wind blows upoR. 
| | 4. That 


«i ae ie celanea a, 


rt That} in calna fr ae Weather the. ie 
generally ftands high. ss 


6. Thats after. very. Pact ies rh Wind, 
when the Quick filver has been pom, It. - gencrally 
miles, aan, Nervi faft. , ote 

7. That ‘the more Nor fonts places ooh 
greater. alterations:.of the STH an, the 
more Southerly. . adi teda ont Ask 

= “That within the B eset and near. grate 
thofe Accounts Ijhave had from others, and my 
own, Obfervation at St. Helena make very little 
or no Variation of the height of the Mercury 
in all weathers. Now that. Theory that. can 
well account for all thefe appearances, will, in » 
all, probability, approach nearer. the. true caufe 
of the Barometers Variations, than any thing 
hitherto afforded ; and fuch an one I am bound 
to believe, is that which I here lay down with 
{ubmiffion to better Judgments. 

I conceive that the principal Caufe of the rife 
and fall of the Merciry, is from the variable 
Winds, whichare found in the Temperate Zones, 
and whofe.great unconitancy here in England is ~ 
moft notorious. I fhall not at prefent i inquire 
into the caufe of its uncertainty, but the Mat- 
ter of Fa .being moft undoubted, the Legiti- - 
mate Confequences. thereof muft be allow’d me, 
let it. proceed: from, what it, will. er ie 


a ek 2woild f bs Bist “A 
+ ~ 
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A fecond Canfe is the uncertain Exhalation’ 
and Precipitation of the Vapourslodging inthe 
Air, whereby it comes to be at one time much 
wore’ crowded than at another, -and‘¢onfe- 
quently heavier; but this latter ina: great 
meafure depends uporthe former. ‘Now from 
thefe Principles I fhall endeavour to explicate 
the feveral Phenomena of the Barometer, taking 
them in the fame order I laid them down. > 


> 1. Whyin Calm Weather the Air being inclin’d 
‘to Rain, the Mercury is commonly low ? 1 An- 
fwer, That the Aercury’s being low, inclines it 
to Rain; forthe Air being light, the -Vapours 
are no longer fupported thereby, being become 
fpecifically heavier than the Medium! wherein 
they floated’; fo that they defcend towards:the 
Barth, and.in'their fall:meeting with ‘other:a- 
queous Particles, they incorporate together, 
and form little drops of Rain; but the Aér- 
cury’s being at one time lower than, another, is 
the effect of twocontrary Winds blowing from 
the place whence the Barometer ftands ; where- 
by! the Air of that place is carried both:ways 
from it, and confequently the imumbent Cylin- 
der of Air is diminifh’d, and accordingly: the 
Mercury finks:-as. for inftance, if in the:Gere 
man Ocean it fhould blow a-Galeof Wefterly | 
Wind, and. atthe fame time an Bafterly Wind 
inthe Jrifh-Sea 3 or if in France it fhould blow 
a Southerly Wind, and in Scorland a\Northerns 
it muft be granted«me, that That part ofthe 
Atmofphere impendent over England, would 
thereby be exhaufted and attenuated, and the 
Mercury would fubfide,and:the Vaponrsi:which 
before floated in'thofe parts of the Ar of equal 
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Gravity with themfelves , would fink to the 


Barth. 


~o2.0Why in ferene good fettled weather the Mer= 
cury “ generally high. To this 1 Anfwer, That. 
the greater height of the Barometer, is - occafi- 
on’d by two contrary Winds blowing towards 
the place of Obfervation, whereby the Air of 
other places 1s brought thither and accumulat- 
ed ; fothat the incumbent Cylinder of Air be- 
ing encreafed both in height and weight, the 
Mercury prefs'd thereby muft- needs rife and 
ftand high, as long as the Winds continue fo 
to blow; and then the Air being fpecifically 
heavier, the Vapours ‘are better kept fufpend- 
ed, fo that they have no inclination to Preci- 
pitate and fall down in Drops ,:which is the 
reafon of the ferene good Weather, which at- 
tends the greater heights of the AZercury. | 


3. Why upon very great Winds or Storms,though 
accompanied with no Rain, the Mercury finks low-. 
eft of all, with relation to the Point of the Compafs 
upon which the Wind blows, This is caus’d by the: 
very rapid Motion of the Ar in thefe Storms; , 
for the Tra&t or Region of the Earths Surface, 
wherein thefe Winds rage, not extending all| 
round the Globe, that ftagnant dir which is: 
left behind, as likewife that on the fides; can-- 
not come in fo faft as to fupply the Evacuation | 
made by fo fwift a Current ; fo that the Air: 
muft neceffarily be attenuated, when and where: 
the faid Winds continue to blow, and that! 
more or lefs according to their violence 3 add! 
to which, that the Horizontal Motion of the: 
Air being fo quick as -itvis, may in;all probae- 
bility take off fome part of the perpendicular! 

preflure: 
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preffure thereof, and the great agitation of 
its Particles, is the Reafon why the Vapours 
are diflipated and do not condenfe into Drops, 
foas to form Rain, otherwife the natural Con- 
fequence of the Airs Rarefadction. efeV 


4.Why ceteris paribus the Mercury ftands high- 
eft upon an Eafterly or North-Eafterly Wind. This 
happens becaufe that the great Atlantick, Ocean 
on this fidethe thirty fifth Degree of North’ La- 
titude, the Welterly and South-Wefterly Winds 
blow almoft always Trade, fo that whenever 
here the Wind comes up at Eaftand North- 
Ratt, ’tis fure to be checked bya contrary Gale, 
as foon as it reaches the Ocean, wherefore, ac« 
cording to what is made out in our fecond Re= 
mark, the 477 muft needs be heaped over this 
ifland ; and confequently the Adercury muft 
ftand high, as often as thefe Winds blow. This 
holds true in this Country, but is nota gene= 
ral Rule for others, where the Winds are un= 
der different Circumftances ; and Lhave fome- 
times feen the Mercury. here as low as twenty 
nine Inches, upon. an Rafterly Wind, but then 
it blows. exceeding hard, and fo comes to be 
accounted for by what was obfery’d upon the 
third Remark. _ - : 


§. Why ia.calm Weather the Mercury ge= 
erally flands high. The caufe hereof is, as I 
conceive, that it feldom freezes but when the 
Winds come out of the Northern and North- 
Haftern Quarters, or at leaft unlefs thofe 
Winds blow at no great diftance of ; for the 
Northern Parts of Germany, Denmark, Sweeden, 
Norway, and all that Tra& trom whence North 
Eaftern Winds come, are fubject to almoft cone 


tinual 
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tinual’ Froft all the Winter; and thereby the 
tower Airis’ very much°condens’d, ‘and in that — 
State\is obrought: hitherwards by thefe Winds, — 
and being accumulated! by the oppofition of the - 
Wefterly Wind blowing in the-Oceany the Azer- 
cury muft needs be preft to a more than ordi- 
nary height; and‘ as*a concurring Caufe; the 
fhrinking of the:lower parts of the 477 into lef 
fers room: by cold; mmwuft needs’ caufe a defcent 
of itherupper-parts of the’ Atmofphere to re- 
duce the Cavity made by this contra‘tion to att 
etiquilibrénadis Of @ beth 2O8.S HORS TONE 
6. Whyiafter very creat Storms of Wind, wher 
the Mercury has been very ‘low, it generally rifes 
againiveryfafts This) have frequently obferv’d, 
and once foundit rifen an Inchiand:a half in lefs 
than fix: Hours, after ‘a “long ‘continwd ‘Storm 
of ‘South-Weit Wind This’feéms to be otca- 
fion’d by the fuddain’ Aceéeflion of ‘new Air’ to 
fupply:: the: great. Evacuation which fuch -con- | 
tinwd Storms imake-thereof; in thofe: places’ 
whence theyohappen (asin ‘the third Remark) 
and2 bythe Récoile ‘of ‘the ‘Airy after the force’ 
ceafes that inmpell’d it 3 ‘and the Reafon why the 
Mercury rifes fo faft, is becaufe the Air being 
very much rarify’d beyond its mean denfity; the 
Neighbouring ir runs in the more fwiftly to — 
bring yit toan equilibyation, as ‘we fee Water 
tuns: the fafter for! having a great‘detlivity. 
eels eel or 411 2S 0o8 ees Pd | a oh Pe oe eR Pa 


~ ga W hp in more: Northerly places the’ variations 
of the Barofcope! are greater than in the’ Southerly. 
The truth of the: Matter of Fa is prowd from 
Obfervations«made at\Clermont and Paris'com- 
parrd>with otherssi:made® at Stockholm’ as may be 
feensthothe Appendix to Mr -Pafeals’ sae 

ABUT Ore 
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fore cited?’ The Reafon I conjecture to be that 
the more Northerly Parts have ufually. greater - 
Storms of Wind than the ‘more Southerly, 
whereby the AZercury fhould fink lower in that 
extream; and then the Northerly Winds bring- 
ing the condens’d and ponderous Air from the 
Neighbourhood of the Pole, and that again be- 
ing checked by a Southerly Wind, at no great 
diftance, and fo heaped muft of neceffity make 
the Afercury in- fach cafe ftand higher, in the 
Other ‘extreant. “OS tehaabiee 


“>. And Laftly, Why near the- F-quinogtial as 
at Barbadoes aad St. Helena, there is very little 
or no Variation of the-height of the Barometer. 
This Remark, above all others, confirms. the 
Hypothefis of the variable Winds, being the 
caufe of thefe Variations of the height-of the 
Mercury ; for in the places above-nained, there 
is always an eafie Gale of Wind blowing near- 
‘ly upoathe fame Point, vz.-E, N, EH, at Bar- 
badoes, and B,S, EB, atSt. Helena; fo that there 
being no contrary Currents of the. Air, to ex- 
hauft or accumulate it, the Atmofphere con- 
tires much in the fame State: However upon 
Hurricanes, the. moft violent’ of Storms, the 
Mercury has been obferv’d very low, but this 
is but for once’in two or three Years, and it 
foon recovers its fettled-ftate of about 293 In- 
ches.. I doubt not but. the fame thing is in the 
Baft Coaft of Africa, and in India, where the 
Monfoons or Winds are Trade for half the 
Year one way, and half the Year another ; on- 
_ ly its probable, that there may fomething worth 

noting happen, about the times of the change 
or fhifting of the Winds, which might be o ¥; 

! tain’d 
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tain’d if any Body had the curiofity to keep the 


Barometer at our Factories in India. «© | 
I doubt not but this Doctrine will find fome 


Oppofers, and that one priacipal Objection will — 


be, that I fuppofe the Air fometimes.to move 
from.thofe parts where it is already evacuated 
below the Equilibrium, and fometimes again 
‘towards thofe parts, where it is condens’d and 
* crouded. above the mean ftate, which may be 


thought contradictory to the Laws of Staticks — 


and the Rules of the Equilibrium of Fluids... But 
thofe that fhaH confider how, when once anim- 
petus: is given toa Fluid Body, it is capable of 
mounting aboveits level,and checking othersthat 
baveacontrary tendency to defcent bytheirown 
Gravity, will no longer regard this as a mate- 


. rial Obftacle, but will rather conclude; thatthe 


great Azalogy there is between therifing and 
falling of the Water upon the Flux and Reflux 
of the. Sea, and this of the accumulating and 
extenuating the Air, isa great Argument for 
the Truth of. this Hypothefis: For as the Sea 


overagainft the Coaft. of Effex, rifes and fwells — 


by the meeting of the two contrary Tides of 
Blood, (whereof the one comes from the S. W.. 
along the.Channel of England, and the other 
from the North); and on the contrary finks be- 
low its. level upon the retreat of the Water both 
ways inthe. Tide of Ebb ; fo it is very probable 
that the Air may Ebb.and Flow, after the fame 
manner;.-but\by reafon of the diverfity of 
Caufes, whereby the zr may be fet in move- 


ing,,.the times of thefe Fluxes and Refluxes 
_ thereof, are purely Gafual and not reducible to 


any Rule, as are the Motions of the Sea, de- 


pending wholly upon the regular Courfe of the 


Moon, 
4 


. 


’ 
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A Letter of Mr.. Waac Newton, 
~~ Profeffor of the Mathematicks ia 
~ the Univer fity of Cambridge 5 con-, 
taming bis New Theory about ~ 
~ Light’ and Colours: Sent dy the 
| Author to. the Publifber from 
’-Cathbridge, Feb7.6. 16%; 5 i or- 
der to be communicated. to the RK, 
Society. | 


aici yd “coc 


J O perform my late promife to you, I fhall 
_. © without. further Ceremony acquaint you, 
that in the beginning of the Year 1666 (at 
which time I apply’d my felf to the grinding of 
Optick-glafles a3 other Figures than Spherical.) 
J procur’d me a Triangular Glafs-Prifm, to try 
therewith the celebrated Phenomena of Colours. 
And in order thereto having darken’d my 
Chamber, and made a fmall hole in my Win- 
dow-fhuts, to let im a convenient quantity of 
the Suns Light, I plac’d my Prifine at his en- 
trance , that it might be thereby refracted 
to the oppofite Wall... It was at firfta very 
pleafing divertifement, to. view the vivid and 


_while applying my felf to confider them more 
*circumfpectly, I ybecame furprifed to fee them 
inan eblong Form; which, according tothe re — 
. | H ceived 


antenfe Colours produced thereby; but after a BES 
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ceivd Laws of Reftattion, I expected thould 
have been Cifcalags > 
They were terminated at the fides with 
ftreight Lines, but’ at the ends, the decay of 
Light was fo gradual, that it was. difficult to 
determine juftly, what,was. their Figure ; 5 yet 
they feem’d Semeircilar. © 
Comparing the length of this ‘colour’d Spett- 
rum with its breadth, I found.it about five times 
greater 5 a difproportion {fo extravagant, that 
it excited ime to a more than ordinary Curiofity 
of examining, from whence it might proceed. 
I could fcarce think, that the various thicknefs$ 
of the Glafs, or - ‘the termination with fhadow — 
or darknefs, could have any Influence on Light 
to produce fuch an effect 5 yet I thought it not 
amifs, firft to examine thofe Circum{ftances, 
and fo try’d, what would happen by tranfmit- 
ting Light through parts of the Glafs of divers 
thicknefles, or through holes in the Window 
of divers bignefles, or by fetting the Prifin 
without fo, that the light might pafs through 
it, and be refracted before it was terminated 
by the hole: But I found none’ of’ thofe Cir- 
cumftances material. The fafhion of the Co- 
lours was, ‘in all thefe Cafes, the fame. 
Then 1 fufpeced, whether by any uneven- 
nefs in the Glafs, or other contingent Irregu- ~ 
larity, thefe ‘Colours might be thus dilated. - 
And to try this, I took another Prifm like the 
former, and fo plac’d it, that the light pafling 
through them ‘both, might be refra&ed con= | 
trary ways, and fo by the latter return’d into » 
that Courfe, from which the former’ had di- 
verted it. For, by this means, I thought. the — 
recular effects of the firft Prifm would be deftroy’d” 
by the fecond Prifn, but the srregular ‘ones 
more 
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more augmented by the multiplicity of Re- | 
fractions. The event was, that the light, which 
by the firft Prifm was diffufed into an oblong 
Form, was, by the fecond, reduc’d into an or- 
bicular one with as much regularity, as when it 
did not at all pafs through them. So that what- 
ever wasthe caufe of that length,. ’twas not a- 
ny contingent Irregularity. | 
_ [then proceeded to examine more critica lly, 
what might be effected by the difference of the 
incidence of Rays coming from divers parts of 
the Sun; and to that end, meafur’d the fever- 
al Lines and Angles belonging to the Image. 
Its diftance from the Hole or Prifm was twen- 
ty two Foot; its utmoft length 137 Inches ; its 
breadth 23; the Diameter of the Hole { of an 
Inch; the Angle, with the Rays, tending to- 
wards the middle of the Image, made with 
thofe Lines, in which they would have proceed- 
ed without Refrafiion, was 44 Deg. 56’. And 
the Vertical Angle of the Prifm, 63 Deg. 12’. 
Alfo the Refractions ‘on both fides the Prifme, 
that is, of the Incident, and Emergent Rays, 
were asnear, as I could make them, equal, and 
confequently about 54 Deg. 4’. And the Rays 
fell perpendicularly upon the Wall. Now fub- 
_ ducting the Diameter of the Hole from the 
length and breadth of the Image, there remains 
_ 13 Inches the length, and 23 the breadth, com- 
prehended bythofe Rays, which paffed through 
the Center of the faid Hole, and confequently 
the Angle of the Hole, which that breadth 
_ fubtended, was about 31’, anfwerable to the 
Suns Diameter; but the Angle, which its length 
fubtended, was more than five fuch Diameters, 
namely two Deg. 49’. | 


Hz Having 
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Having made thefe Obfervations, I firft com- 
puted from them the refractive Power of that 
Glafs, and found it meafur’d by the ratio of the 
Sines, twenty to thirty one. And then, by 
that ratio, Icomputed the Refra&tions of two 
Rays flowing from oppofite parts of the Sun’s 
difcus, fo as to differ 31'in their obliquity of 
Incidence, and found, that the emergent Rays 


fhould have comprehended an Angleof about ~ 


31', as they did, before they were incident. 

But becaufe this computation was founded on 
the Hypothefis of the proportionality of the 
fines of Incidence and Refraction, which, tho’ 
by my own Experience I conld not imagine to 
be fo erroneous as to make that Angle but 31, 
which in reality was two Deg. 49’; yet my cu- 
riofity caus’d me again to take my Prifm. :And 
‘having placd it at my Window, as before, I 
obferv’d, that by turning it a little about its 
Axis to and fro, fo as to vary its obliquity to 
the light, more than an Angle of four or five . 
Degrees, the Colours were not thereby fenfibly 
_tranilated from their place on the Wall, and — 
confequently by that variation of Incidence, ~ 
the quantity of Refraction was not fenfibly va- - 
ried. By this Experiment therefore, as well 
as by the former computation, it was evident, — 
that the difference of the Incidence‘of Rays, 
flowing from divers parts of the Sun could not 
make them, after decuflation, diverge at a 
fenfibly greater Angle, than that at which they 
before converged; which being, at moft, but 
about thirty one or thirty two Minutes, there 
{till remain’d fome other caufe to be found out, 
from whence it could be two Deg. 49’. 


Then 
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Then [began to fufped, whether the Rays, 
after their Trajection through the Prifin , did 
not move in curve Lines, and according to their 
more or lefs Curvity tend to divers parts of the 
Wall. And: it increas’d my fufpicion, when I 
remember’d that J had often {een a Tennis-Ball, 
{truck with an oblique Racket, defcribe fucha 
curve Line. For, a Circular as well as a 
Progreflive. Motion being communicated to it 
by that ftroak, its parts on that fide, where the 
Motions confpire, muft prefs and beat the con- 
tiguous Air more violently than on the other,and _ 
there excite a reluctancy and rea@ion of the 
Air proportionably greater. And for thefame 
reafon, if the Rays of Light fhould poflibly be 
globular Bodies, and by their oblique Paflage 
out of one Medium into another, acquire a 
circulating Motion , they ought to feel the 
greater refiftence from the ambient fEther, on 
that fide, where this Motions confpire, and 
thence be continually bowed to the other. But 
notwith{tanding this plaufible ground of fufpi- 
cion, whep I came to examine it, I could. ob- 
ferve no fuch Curvity in them. And befides 
Guhich was enough for my purpofe) I obferv’d, 
that the difference ’twixt the length of the I- 
mage, and Diameter of the Hole, through. 
which the light was tranfmitted, was proporti- 
onable to their diftance. = 7 3 : 
_ The gradual removal of thee fufpicions, at 
length led me to the Experimentum Crucis, which 
was this; I took two Boards, and plac’d one 
of them clofe behind the Prifin at the Win- 
dow, fo that the light might paf$ through a 
{mall hole, made in it for the purpofe, and fall . 
‘on the other Board, which [ plac’d at about. _ 
twelve Feet diftance, having firt made a finall 

| | ee aa hole 
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hole in it alfo, for fome of that incident Light 

to pals through. Then I placd another Prifm 
behind this; fecond Board, fo that the Light, 
trajected through both the Boards, might pafs 
through that alfo, and-be again refracted be- 
fore it arrived-at the Wall. This done, I took 
the firft Prifm in my Hand, and turn’d it to. 
and fro flowly about its Ax, fo much as to 
make the feveral parts of the Image, caft on 
the fecond Board, fucceflively pafs through the 
hole in it, that I. might obferve to what places 
on the Wall, the fecond: Prifm would refract 
them. And I faw by the variation of thofe 
places, that the Light, tending to that end of 
the. Image, towards which the RefraGtion of 
the firft. Prifm, was made, did, in the fecond 
Prif, fuffer a Refradion. confiderably greater 
than the Light tending to the other ends And 
fo the true caufe of the length of that Image 


was detected to be no other, than that Light — 


confifts of Rays differently refrangible, which, 
without any refpect'to a difference in their in- 
cidence,. were, according to; their. degrees of 


refrangibility, tranfinitted towards divers parts — 


of the Wall. | 
When I underftood this 1 left off myaforefaid 


GlafS Works; for I faw,.that the perfeGion of ; 
Telefcopes was hitherto limited, not fo much — 
for want of Glaffes truly. figured according, to — 


oh i ber 


the prefcriptions of Optick-Authors (which all 
Men have hitherto imagin’d), as becaufe. that — 
Light itfelfis a Heterogeneous mixture of different= 
ly refrangible Rays, So that, were a Glafs fo © 
exactly figured, fo as to collect any one fort. of © 
Rays into one Point, it could not colleét thofe — 
alfo into the fame point, which having thefame — 
ncidence upon the: fame Medium ase ‘ 

uffer 
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fuffer a different Refraétion. Nay, I wonder’d, 
that feeing the difference of Refrangibility was 
fo great, as I found it, Telefcopes fhould arrive 
to that. perfection they. are now at. For, 
meafuring the Refractions in one of my Prifmes, 
I found, that, fuppofing the common Sine of 
‘Incidence upon one of its plains, was fourty 
four Parts, the Sine of Refraétion of the ut- 
moft Rays on the red. end. of the Colours, made 
out of the Glafs into the Air, would be fixty 
eight parts, and the Sine of Refraction of the 
_ the utmoft Rays on the other end, fixty mine 
parts ; fothat the difference is about a twenty 
fourth or twenty fifth part of the whole Re- 
fraGtion. And confequently, the Object-glafs 
of any Telefcope cannot colleé& all the Rays 
which come from one point of an Object, fo as 
to make them convene at its focus in lefs room 
than in aCircular fpace,. whofe Diameter is the - 
fiftieth part of the Diameter of its Aperture ; 
_ which is anirregularity, fome hundreds of times 
greater, than a circularly figured Lezs, of fo 
imall a fection as the Object-glaffes of long 
_*Telefcopes are, would caufe by the unfitnefs of 
its Figure, were Light aziform. | 
This made me take Reflections into confider- 
.ation, and finding them regular, fo that the 
Angle of Reflection of all forts of Rays. was e- 
qual to their Angle of Incidence; I underitood, 
that by their mediation, Optick Inftruments 
might be brought to any degree of Perfection 
imaginable, provided a Reflecting Subftance 
_ could. be found, which would polifh as finely as 
Glafs, and refleét as much Light as Glafs tran/- 
mits, and the art of communicating to it a Pa= 
rabolick, Figure be alfo attain’d. But there 
feem’d very great difficulties, and I have. al- 
3 ‘ae mof{t 
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moft thought them infuperable, when I further 
- confider’d, that every Irregularity in a refled- \ 
ing Superficies makes the Rays ftray five’ or fix 
times more out of their due courfe, than the 
like irregularities in a-refraGing one: So that 
a much greater curiofity would be here requifite, 
than in Figuring Glaffes for Refragtion. » 
_  Amidft thefe Thoughts I was forc’d from 
Cambridge by. the Intervening Plague, and it. 
was more than two Years before I proceeded 
further: But then having thought on a tender 
way of polifhing, proper for Metal, whereby, 
as I imagin’d, the Figure alfo would be cor- 
rected to the laft; I began totry, what might 
be effected in this kind, and by degrees fo far 
perfected an Inftrument Cin the effential parts 
of it like that I fent to Lozdon,) by which I 
could difcern Supiters four Concomitants, and 
fhew’d them divers times to two others of my 
Acquaintance. I could alfo difcern the Moon- 
like Phafe of Venus, but not very diftindly, 
nor without fome nicenefs in difpofing the In~ 
torerricht. “vere: “retwore hoes : 
From that time I was interrupted till this Taft 
Autumn , when I made the other.. ‘And as | 
that was fenfibly better than the firft Cefpecial- 
ly for Day-Objedts,) fo | doubt not but they 
will be ftill brought to'a much greater per- 
fetion by their endeavours, who, as you in- 
form me, are taking care about’ it at Loa- 
aon. | ) a aren ates tas Ss - 
I have fometimes thought to make a Afiero- 
jcope, which in like manner fhould have, in- — 
ftead of an Objedt-glafs, a refle&ting. piece of 
Metal. And ‘this I hope they will alfo take in- 
to confideration' : For thofe ahitienes feem 
as capable of improvement: as Telefcopes, and 
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perhaps more, becaufe but_one reflective piece — 
of Metal is requifite in them, as you may per- 
ceive in Plate 3. Fig. 1. where AB reprefen-_ 

—teth the Obje& Metal, CD the Eye-glafs, F 
their common Focus, and. O the other Focus: 
of the Metal, in which the Objet is placed. 

But to return from this digreflion, I told 
you, that Light is not fimilar, or homogeneal, 
but confifts of difform Rays, fome of which are 
more refrangible than others: So that of thofe, 
which are alike incident on the fame Medium, 

-fome fhall be more refraéted than others, and 

that not by any virtue of the Glafs, or other 
external Caufe, but from a predifpofition, 
which every particular Ray hath to fuffer a par- 
ticular degree of Refraction. , pia 

I fhall now proceed to acquaint you with ano- 
ther more notable deformity in its Rays, where- 
in the Origin of Colours is unfolded : Concerning 
which I fhall lay down the Doétrine firft, and 

then, for its examination, give you an Inftance 
or two of the Experiments, as a Specimen of 
ene rer. 6 4 | gtES Bhs eee 
~ The Dodrine you will find comprehended: 
and illuftrated in the following Propofitions, — 

_ 1. As the Rays of Light differ in, degrees of 
Refrangibility, fo they alfo differ in their dif 
pofition to exhibit this or that particular Co- — 
four.. Colours are not Oudlifications 0 Ligr, 
derived from RefraGions, or Reflections of ra- 
tural Bodies (as "tis generally believed) Int! 
Original and connate Properties, which in divers 
Rays are divers. Some Rays are difpofec te 
exhibit a red Colour and no other; fome ael- 
low and’no other, fome a green‘and’no oter, 
and fo of the reft.” 'Nor‘are there only ays 

proper and particular to the more eminentCo- 
gee urs, 
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lours, but even to all their intermediate Gra- 
dations. | | | 
2. To the fame degree of Refrangibility ever 
belongs the fame Colour, and to the fame Co- 
Jour ever belongs the fame degree of Refrangi- 
bility.. The leaf? Refrangible Rays are all difpo- 
fed to exhibit a Red Colour, and contrarily 
thofe Rays, which are difpofed to exhibit a Red 
Colour, are all the leaft refrangible: So.,the 
moft Refrangible Rays areall difpofed to exhibit 
a deep Violet Colour, and contrarily thofe which 
are.apt to exhibit fuch a Violet Colour, are all 
the moft Refrangible. And fo to all the inter- 
mediate Colours ina continued Series. belong 
intermediate degrees of Refrangibility. And, 
this Analogy *twixt Colours, and Refrangibi- 
lity,. is very precife and ftrid, the Rays always 
either exactly agreeing in both, or proportio- 
nally.difagreeing in both. wv 


3. The Species of Colour, and degree of Re- 
frangibility proper to any particular fort of 
Rays, is not mutable by Refraction, nor by 
Reflection from natural. Bodies, nor by any o- 
ther canfe, that: I could yet obferve.., When any 
one fort of Rays hath been well parted from 
thofe of other. kinds, it hath afterwards obfti- — 


naiely retained its Colour, notwithftanding my ~~ 


utnoft Endeavours to change it. I have re- 
frated it with Prifmes, and refle&ed it with 
Bolies, which,in Day-light were of other Co- 
lous; I-have intercepted it with the coloured 
Filn of Air interceding two compreffed Plates — 
of Glafs; tranfmitted it through coloured Me- 
diuns, and, through Mediums irradiated with 
othe forts of Rays, and diverily terminated it ; 
and tet. could never produce any new Colour 

re haat . out 
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out of it. It would by contracting and: dila-. 
ting become more brisk, or faint, and by the 
lofs of many Rays, im fome cafes very obfcure 
and dark; but I could never fee it changed i 
Specie. wun ee. kee ee 7 

- ¥et feeming Tranfmutations of Colours may 
be made, where there is any mixture of divers 
forts of Rays. For in fuch Mixtures, the com-~ 
ponent Colours appear not, but, by their mu- 
tual-allaying each other, conftitute a midling 
Colour. And therefore, if by Refraction, or 
. any other of the aforefaid Caufes, the: difform 
Rays, latent in fuch a mixture, be feparated, 
there fhall emerge Colours different from the 
colour of the Compofition. Which colours are 
not new generated, but only made apparent 
by being parted; for if they be-again intirely 
mix’d and blended together, they will-again 
compofe that Colour, which they did before 
feparation. And for the fame reafon, Tranf- 
- mutations made by the convening of divers Co- 
-lours:are not real; for when the difform Rays 
are again fevered, they will exhibit the- very 
fame Colours, which they did before they en- 
tered the Compofition; as you fee, Blue and 
Yellow Powders, when finely mixed, appear to 
to the naked Eye Green, and yet the Colours. of 
the component Corpufcles are not thereby; re- 
ally tranfmuted, but only blended. For, when 
viewed witha good Microfcope, they. ftillap- 
pear Blue and Yellow interfperfedly.... 5 3. - 
5- There are therefore two forts of Colours: 
The one original and fimple, the other com- 
pounded of thefe. The Original or: primary 
Colours are, Red, Yellow, Green, Blue, andia 
V iolet-purple, together with Orange, Indico, and 
an indefinite variety of intermediate Grada+ 
tions, 6. The 
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6. The fame Colours in Specie with thefe pri- 
mary ones, may be alfo produced’ by Compofi- 
tion: For, a mixture of Yellow and Blue makes 
Green, of Red and Yellow, makes Orange; of 
Orange and Yellowifh green, makes Yellow. And in 
general, if any two Colours be mixed, which 
in the Series of thofe, generated by the Prifme, 
are not too far diftant onefrom another, they 
by their mutual alloy compound that. Colour, 
which in the faid Series appeareth in the mid- 
way between them. But thofe, which are fitu- 
ated at too great a diftance, do not fo. Orange 
and Indico produce not the intermediate Green, 
a Scarlet and Green the intermediate Yel- 

ow. | 
7. But the moft  furprifing and wonderful 
Compofition was that of Whitene/s. There is 
no one fort of Rays which alone can exhibit this. © 
*Tis ever compounded, and to its Compofition 
are requifite all the aforefaid primary Colours, — 
mixed ina due proportion. 1 have often with 
admiration beheld, that all the Colours of the 
Prifim being made to ‘converge, and thereby to 
be again mixed as they-were in the light before 
it was incident upon the Prifm , reproduced 
light, intirely and perfe@ly white,and not at all 
fenfibly differing from a direc Light of the Sun, 
unlefs when the Glaffes, I ufed, were not fuffi- 
ciently clear; for then they would a little incline 
it to their Colour. 

8. Hence therefore it comes to pafs, that 
Whitenefs is the ufual Colour of Light ; for, 
Light is a confufed aggregate ‘of Rays indued 
with all forts of Colours, as they are promifcu- 
oufly darted from the various.Parts of luminous 
Bodies. And of fuch a confufedoaggregate, as 
i faid, is generated Whitenefs, if there . a 
fT .2 ~ due 
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ue proportion of the Ingredients; but if any 
one predominate, the Light muft incline to that 
Colour; as it happens in the blue Flame of 
Brimftone, the yellow Flame of a Candle, and 
-the various Colours of the fixed Stars. 

9. Thefe things confidered, the manner, how 
Colours are produced by the Prifm, is evident. 
Bor, of the Rays, conftituting the incident 
Light, fince thofe which differ in Colour pro- 
portionally differ in Refrangibility, they by their 
unequal Refractions muft-be fevered and difper- 
fed into an oblong Form, in an orderly fuccef- 
fion from the leaft refraGted Scarlet to the moft 
vefracted Violet. And for the fame reafon it 
is, that Objects, when looked upon through a 
Prifm, appear coloured. For, the difform 
Rays, by their unequal Refra&ions, are made 
to diverge towards feveral Parts of the Retina, 
and there exprefs the Images of things coloured, 
as in the former cafe they did. the Sun’s Image 
‘upon a Wall. And by this inequality of Re- 
fractions, they become not only coloured, but 
alfo very confufed and indiftinét. 

10. Why the Colours of the Raizbow appear 
in falling drops of Rain, is alfo from hence evi- 
dent. For, thofe drops, which refra& the 
Rays, difpofed to appear purple, in greateft 
quantity to the Spectators Eye, refra@ the Rays 
of other forts fo much lefs, as to make them 
pafs befide it ; and fuch are the drops on the 
infide of the Primary Bow, and on the outfide 
of the Secondary or Exteriour. one. So thofe 
drops, which refra& in greateft plenty the Rays, 
apt to appear red, toward the Spectator’s Eye, 
refract thofe of other forts fo much more, as to 
make them pafs befide it; and fuch are the 

Gad drops 
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drops on the exteriour part of the Primary, and — 
interiour part of the Secondary Bow. oF 

11. The odd Phenomena of an infufion of — 
| Lignum Nephriticum, Leaf-gold, Fragments of co- 
loured Glafs, and fome other tranfparently co- 
loured Bodies, appearing in one Pofition of one 
Colour, and of another in another, are on thefe 
grounds no longer Riddles. For, thofe are 
Subftances apt to reflect one fort of Light, and 
tranfmit another; as may be feen in a dark 
room, by illuminating them with fimilar or un- 
compounded Light. For, then they appear of 
that Colour only, with which they are illumina- 
ted 5 but yet in one Pofition more vivid and: lu- 
minous than in another, accordingly as they are 
difpofed more or lefs to refle@ or tranfmit the - 
incident Colour. 

12. From hence alfo is manifeft the reafon of 
an unexpected Experiment, which Mr. Hook, 
fomewhere in his A&icrography relates to have 
made with two wedge-like tranfparent Veffels, — 
filPd-the one with a red, the other witha blue — 
Liquor ; namely, that though they were feve- 
rally tranfparent enough, yet both together be- ~ 
‘came opake: For, if one tranfimitted only red, — 
and the other only blue, no Rays could pafs: 
through both. | 

13. [might add more Inftances of this Na- 
ture; but I fhall conclude with this general 
one, that the Colours of all natural Bodies have ~ 
no other Origin than:this, that they are vari- 
ovily qualified to reflect one fort of Light in 
greater plenty than another. And this 1 have — 
experimented in a dark room, by illuminating © 
thofe Bodies with uncompounded Light of di- — 
vers Colours. For by that means any body may ~ 
‘be made to appear of any Colour. They io : 

there 
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‘no appropriate Colour, but ever appear 
) i Cetbit of the Light caft upon them 3 but 
with this difference, that they are moft 
-and vivid in the Light of their own day- 
colour. A4inium appeareth there of any 
ir indifferently, with which ’tis illuftrated, 
‘et moft luminous in red; and fo Bife ap- 
th indifferently of any Colour with which 
‘uftrated, but yet moft luminous in blue. 
therefore Minium refleheth Rays of any 
ar, but moft copioufly thofe endued with 
and confequently when illuftrated with 
ight, thatis, with all forts of Rays pros © 
\oufly blended, thofe qualified with red 
ibound moft in the reflected Light, and by 
prevalence caufe it to appear of that Co- 
And for the fame reafon Bie, refleGting 
noft copioufly, fhall appear blue by the ex- 
wf thofe Rays in its reflected Light; and 
ke of other Bodies. And that this is the 
: and adequate caufe of their Colours, is 
feft, becaufe they have no power to change 
ter the Colours of any fort of Rays incident 
i) but put on all Colours indifferently, with 

h they are inlightned. 
iefe things being fo, it can be no longer 
ted, whether there be Colours in the dark, 
yhether they-be the Qualities of the Ob- 
jwe fee, no nor perhaps, whether Light 
Body. For, fince Colours are the Qualities 
jht, having its Rays for their intire and 
"diate Subject, how can we think thofe Rays 
ties alfo, unlefs one Quality may be the 
+ of and fuftain another; which in effe@ is 
ll it Subffance. We fhould not know Bo- 
or Subftances, were it not for their fenfible 
ties 5 and the principal of thofe being now 
, found 
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found due to fomething elfe, we have as good 
reafon to believe that to be a Subftancealfo. 
~ Befides, whoever thought any Quality to be — 
a heterogeneous aggregate, fuch as Light is dif- - 
covered tobe? But,.to determine more abfo- 
Jutely, what Light is, after what manner re-. 
fraied, and. by what. modes or aétions it. produ- 
ceth in our Minds the Phantafms of Colours, is 
not fo eafie. And I fhall not mingle Conje@ures. 
with Certainties. 
*. Reviewing what I have written, I fee the Dil- 
courfe it. felf will. lead to divers. Experiments 
fufficient for its Examination ; and_therefore I 
fhall not trouble you. farther, than to defcribe 
one of thofe, which I have already infinuated. 
“Ina darkened Room, make a hole in the fhut 
of a Window, whofe Diameter may conveni- 
ently.be about a third part of an Inch, to admit 
a cofivenient quantity of the Sun’s Light: And — 
there placea clear and colourlefs Prifm, to re- 
fract the entring Light towards the farther part 
of the room ;. which, asI faid, will thereby be - 
diffufed into. an oblong coloured Image. Then 
place a Levs-of about three, Foot Radius Cfup- - 
‘pofe a broad Object-glafs of a three Foot Tele- 
{cope,) at the diftance of about four or five Foot — 
from thence, through which all thofe Colours © 
may at once be tranfmitted, and mad® by its 
Refraction to convene at a farther diftance-of 
about ten or twelve. Feet. If at that diftance 
you intercept this Light with a fheet of white 
Paper, you,will fee the Colours converted into 
whitenefs again by being mingled. But it is re- 
quifite, that the Prifm and Lens be placed fted~ 
‘dy, and that the Paper, on which the Colours 
are caft, be moved to and fro; for, by fuch 
motion, you will not only find at what cuitaner 
tag PTL ag." RCE na eS the 


a 
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the whitenefS is moft perfe@, but alfo. fee, how 
the Colours gradually convene, and vanith into. 
whitenefs ; and afterwards, having croffed one 
another in that place where they compound 
WhitenefS, are again diffipated and fevered, 
and in aninverted order retain the fame Co- 
lours, which they had before they entered the 
Compofition. You may alfo fee, that, if any 
of the Colours at the Les be intercepted, the 
Whitenefs will be changed into the other Co- 
lours. And therefore, that the Compofition of 
whitenefs be perfect, care. muft be taken that 
none of the Colours fall befides the Lezs, 

_ Inthe annexed Defign, Tab. 3. Fig. 4. of this 
Experiment, BC exprefleth the Prifin fet 
endwife to fight, clofe by the hole F of the. 
Window £G. Its vertical Angle 4 BC may 
conveniently be, about 60 degreés: ALN de- 
figneth the Lens. Its breadth 2! or 3 Inches. 
SF one of the ftreight Lines, in which difform 
Rays may be conceived to flow fucceffively from 


the Sun. FP, and FR two of thofe Rays un- 
equally refracted, which the Les makes to con- 
verge towards Q, and after decuffation to di- 
verge again. And HI the Paper, at divers di- 
ftances, on which the Colours are projected 
which in Q conftitute Whitenefs, but are Red. 
and Yelomin KX, r, and p, and. Blue and Purple 
teh WOO a ns cde 
__If'you proceed further to try the impofibility. 

of changing any uncompounded Colour (which 
I have afferted in the third and thirteenth Pro- 
politions,) ’tis requifite that the Room may be 
very dark, left any fcattering. light, mnixing 
with the Colour, difturb and allay it, and ten- 
er it compound, contrary to the defign of the 

Experiment. ’Tis alfo requifite, that there be 
‘f i a pere 
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a perfecter feparation of the Colours, than, af- 

ter the manner above defcribed, can be made 
by the Refraction of one fingle Prifm, and how — 
to make fuch farther feparations, will fearce be 

difficult to them, that confider the difcovered 

Laws of Refractions. Butif trial fhall be made 

with Colours not througly feparated, there muft 

be allowed changes proportionable to the mix-_ 
ture. Thus if compound Yellow light fall upon 
blue Bife, the Bife. will not appear -perfecly: 
yellow, but rather green, becanfe there are in. 

the yellow mixture many Rays indued with 
green, and green being lefs remote from the 

ufual blue Colour of Bife than yellow, is the 


more copioufly reflected by it. a 
“In like manner, if any one of the Prifmatick 
Colours, fuppofe red, be intercepted, on defign 
to try the afferted impoffibility of reproducing 
that. Colour out of the others which are preter= 
mitted ; ’tis neceffary, either that the Colours 
be very well parted before the red be interce= 
pted; or that, together with the red, the neigh- 
bouring Colours, into which any red is fecretly 
difperfed, “(that is, the~ yellow, and perhaps | 
green too) be intercepted; or elfe, that al- 
lowance be made for the emerging of fo much 
red out of the. yellow.green, as may poffibly 
have been diffufed, and fcatteringly blended in 
thofe Colours. “And if‘thefe things be obferved, 
the -new Production of red, or any intercepted’ 


. ve “ 


Cotour will be found Iimpoflible. 

“This, I conceive, is enough’for an Introdu- 
ion to Experiments of this kind ; which if any” 
of the Royal Society fhall be fo curious as to pro=: 
fecute, | ‘fhould be, very glad to be informed. 
with what ficcefs: That, if any thing feem to: 
be defective, or to thwart this Relation, Li 


& 
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“have an opportunity of giving farther DireGion 


about it, or ofacknowledging my Errors, ifl 


have committed any. 


‘Since the Publication of this Theory, fome Mifun- 
derftandings happening between a French Philo- 
Sopher at Paris and Mr. Newton, he has endea- 
vour'd to explain himfelf a little further in thefe. 
Things according to the following Method. 


ee Geet ATO 


1: I call that Light Homogeneal, Similar, or 
Uniform. whofe Rays are equally refrangible. 

_2, And that Heterogeneal, whofe Rays are 
unequallyyefrangible. © 


_ Note, There are but three Affections of Light 
in which I have obferved its Rays to differs; 
wiz. Refrancibility, Reflexibility, and Colour ; 
and thofe Rays which agree in Refrangibility 
agree alfo in the other two, and therefore may 
well be defined Homogeneal ; efpecially fince 
Men ufually call thofé things Homogeneal,which 
are fo in all Qualities that come under their 
Knowledge, ” hough in other Qualities that 
their Knowledge extends not to, there may pof- 
fibly by fome Heterogeneity. 


3. Thofe Colours I call Simple or Homoge- 
ma. which are exhibited by Homogeneal 
ght. “apaat 3 Slee 

4. And thofe Compound or Heterogeneal, 
which are exhibited by Heterogeneal Light. 

5- Different Colours, I call, not only the 
more eminent Species Red, Yellow, Green, Blue, 
Purple, but all other the minuteft Gradations ; 
| 12 in much 
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much after the fame manner, that not only the 


more eminent Degrees in Mufick, but all the © 
leaft Gradations, are efteemed different Sounds. © 


PROP'OSTTYTON Ss 


1. The Snn’s Light confifts of Rays differing 
by indefinite Degrees of Refrangibility. 

2. Rays which differ in Refrangibility, when 
parted from one another, do proportionally dif- 
fer in the Colours which they exhibit. ‘Thefe 
Two Propofitions are Matter of Fad. | 

3. There are as many Simple or Homogeneal 
Colours, as Degrees of Refrangibility. For to 
every Degree of Refrangibility belongs a dif- 
ferent Colour, by Prop.2. and that Colour is’ 
fimple, by Def. 1. and 3. ae 

4. Whitenefs, in all refpects like that of the 
Sun’s immediate Light, and of all the ufual Ob- 
jects of our Senfes, cannot be compounded of 
two fimple Colours alone. For fuch a Compo- — 
fition muft be made by Rays that have onlytwo 
Degrees of Refrangibility, by Def. 1, and 3. 
and therefore it cannot be like that of the Sun’s *— 
Light, by Prop.1. nor, for the fame Reafon, 
like that of ordinary white Objects. | : 

5. Whitenefs, in all refpects, like that of the — 
Sun’s immediate Light, cannot be compounded | 
of fimple Colours without an indefinite Variety © 
ofthem. For to fuch a Compofition, there are 
requifite Rays endued with all the indefinite De- — 
erees of Refrangibility, by Prop. 1. And thofe — 
infer as many fimple Colours, by Def.1,and 3. — 
and Prop. 2, and 3. bi i 

To make thefe a little plainer, I have added © 
alfo the Propofitions that follow. 


6. The © 


2 
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6. The Rays of Light do not a& on one ano- 
ther, in paffing thro’ the fame Medium. 3 

7. The Rays of Light fuffer not any change 
of their Qualities from Refraction. 

. 8. Nor afterwards from the adjacent quiet 
Medium: Thefe two Propofitions are manifeft 
de Fatto in Homogeneal Light, whofe Colour 
and Refrangibility is not at all changeable, ei- 
ther by Refraction, or by the contermination of 
a quiet, Medium. And as for Heterogeneal 
Light, it is but an Aggregate of feveral forts 
of Homogeneal Light, no one fort of which 
fuffers any more alteration than if it were a- 
lone ; becaufe the Rays ad not on one another, 

by Prop. 6. and therefore the Aggregate can 

fuffer none. Thefe two Propofitions alfo might 
be further proved apart, by Experiments too 
long to be here defcribed. 7 : 
__ 9. There can no Homogeneal Colours be e- 
duced out of Light by Refratiion, which were 
not commixt in it before: Becaufe by Prop. 7, 
and 8. Refraction changeth not the Qualities of 
the Rays, but only feparates thofe which have 

divers Qualities, by means of their different Re- 

frangibility. 

10. ‘The Sun’s Light is an Aggregate of an 
indefinite Variety of Homogeneal Colours, by 
Prop, 1, 3, and 9. And hence it is, that I cail 
Homogeneal Colours alfo Primitive or Original. 
And thus much concerning Colours. 


ton, 17 his Book of Opticks lately publifhed, has by 
| undeniable Experiments explained moft of the 
| Principal Phenomena of Light and Colours - To 
which me refer the Reade 


For a further Muftration of this Doétrin, Mr. New- 


4 
2 
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iA Demonftration concerning the Mc- 
tron of Light, communicated from 
PAR Sod , ree 


Reais have been labouring for many 
& = Years to decide by fome Experiment; whe- 
ther the A@ion of Light be conveyed in ‘an-in- 
-ftant to diftant Places, or whether it’ réquireth 
time. IM. Romer,of the Royal Academy of Scien- 
ces,hath devifed a way taken from the Obferva- 
tions of the firft Satellit of Fupiter, by which he 
demonftrates, that for the diftance of about 
3000 Leagues, fuch as is very near the bignef$ 
of the Diameter of the Earth, Light needs not 
one Second of Time. ~ esl 
eX Bet. Cin Fee 3.-8 late 30)" be the Sa, 
Fupiter, C the firft Satellit of Fupirer, which 
enters into the fhadow of Fupiter, to come out 
at D, and let EFG AKL be the Earth, pla- 
ced at divers diftances from Fupiter, a 
Now fuppofe the Earth, being in. ZL towards 
the fecond Quadrature of Fupiter, hath feen the 
firft Satellit, at the time of its emerfion, or if 
fuing out of ‘the fhadow at D, and that about 
42% hours after (vx. after one Revolution of 
this Satelit) the Earth being in K, do fee it re- 
turned in D: Itis manifeft, that if the Light 
require time to traverfe the Interval LK, the 
Satelit will be feen returned later in D, than it 
would have been if the Earth had remained im 
L. So that the Revolution of the Saedit being 
thus obferved by the Emerfions, will be rea 
: | ' ed 
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ded by fo much time, as the Light. fhall have 


taken in pafling from Z to XK; and that.on the 


ee  —— eEeErr—SESES———ErEOEOaEa > = a 
mg rn re a 


contrary, inthe other Quadrature FG, where 


theEarth by approaching goes to meet theLight, 


the Revolutions of the Emerfions will appear to 
be fhortned, by. fo much as thofe of the Emer- 


fions had appear’d to be lengthned. . And be- | 
caufe 42% hours, which this Satelit very near 


takes to make one Revolution, the.diftance be- 
tween the Earth and Jupiter, in both the Qua- 
dratures, varies at leaft 210 Diameters. of the 
Earth: It follows, that if for. the Account of 


“every Diameter of the Earth there were requi- 


~ 


red. a Second of Time, the Light would take 
3% Minutes for each of the Intervals GF, KL; 
which would caufe near half a quarter of an 
Hour, between two Revolutions of the firft Sa- 


tellit, one obferved.in FG, and the. other in 


K L,. whereas there is. not obferved any fenfible 
difference. _ Re a ieee Wal eee. Hak 
~ Yet doth it not follow hence, that. Light. de- 
mands no time. For after M. Romer had exa- 


‘min’d the thing more nearly, he found that 


what was not fenfible in two Revolutions, be- 
came very confiderable in many being taken to- 
gether ; andthat, for Example, forty Revolu- 
tions obferved on the fide F, might be fenfibly 
fhorter, than forty others obferved in any place 
of the Zodiack where Fupiter may be met with 5 
and that in proportion of Twenty two for the 
whole Interval of H £, whichis the double of 
the Interval that is from hence to the Suan. 

The Neceflity of this new Equation of the re- 
tardment of Light, is eftablifhed by all the Ob- 
fervations that have been made in the Reyal 
Academy, and inthe Obfervatory, for the {pace 


of eight Years ; and it hath been lately confir- 


a aned 


eet “ 
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med by the Emerfion of the firft Satelit obferved — 
at Paris, the 9th of Novembor laft, at 5 a-clock — 
35° 4§ atnight, 10 minutes later thanit was _ 
to he expected, by deducting it from thofe that 
had been obferved in the Month of Augu/t,when 
the Earth was much nearer to Yupiter; which — 
M. Komer had predicted to the faid Academy — 
from the beginning of September. : 

_ But to remove all doubt, that this Inequality 
is caufed by the retardment of the Light, he 
demonftrates, that It cannot come from any — 
Excentricity or other caufe of thofe that are 
commonly alledged to explicate the Irregulari- 
ties of the AZvon, and the other Planets; tho’ he 
be well aware, that the firft Satelit of Fupiter 
was excentrick; and that, befides his Revolu-- 
tions were advanced or retarded, according as 
Fupiter did approach to or recede from the Sun; 
astalfo, that the Revolutions of the Primum 
Mobile were unequal: Yet, faith he, thefe three 
Jaft caufes of Inequality do not hinder the firft 
from being manifeft, 
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n introductory Eflay to the Do- 
 Grine of Sounds, contatning fome 
~—Propofals for the mprovement of 
Acoufticks ; 4s 2t was prefented 
tothe Dublin Society, Mov. 12. 
1683, dy the Right Reverend 
Father in God Narciflus Lord Br- 


4 Soop of Ferns and Leighlin. 


) Bing to treat of the Dottrine of Sounds, I 
) hold it convenient to premife fomething 
in the general concerning this Theory; which 
may ferve at once to ingage your Attention, 


_and excufe my pains, when I fhall have. recom- 


mended them, as beftowdron a Subje& not al- 
together ufelefs and unfruitful. 

And for this purpofe I fhall omit to fpeak. a- 
ny thing of the Excellency of the Matter in| 
Hand ; tho’ it might be celebrated by Argu- | 
ments drawn from feveral Topicks, and par- 
ticularly from this, that new Difcoveries and 
Improvements may be made both as to the Ge- 
neration, Propagation and Reception of Sounds in- 
to the Senfe; which, in a peculiar manner a- 
grees to this, above the Obje& of any. other 
senfe whatfoever. I fhall, I fay, omit thefe 
things, and apply my felf wholly to the U/eful- 
nefs of the Theory, that we are now falling up- 
pon ; which I think cannot better be difcover- 


ed, than by making a comparifon ’twixt the 


Senfes 
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Senfes of Seeing and Hearing as to their Im- — 
provements. JI mean, by fhewing, that this ~ 
latter of Hearing is capable of all thofe im- — 


provements which the Senfe of Seeizg has re- 


ceiv'dfrom Art, befides many more advantages — 


that the Ear may enjoy, by the help of our — 
Dodtrine, above the Eye; all which moreover — 
will be of as great benefit to Mankind, as any — 


thing that Opricks have yet difcover’d, if not of 


greater ; which, with fome other preeminen- — 


cies that it has upon another Score, will -happi- 
ly. render Acoufticks the nobler Science of the 
TAO. ee en ote “ , 

In order-to the making good what:I but now 
promifed of the Comparifon of thefe two Fa- 


culties of Seezmg and Hearing, as to their. Im- ~ 


provements, I obferve, 


‘That Vifior is threefold, ‘Dirett, Refratted, 


and ‘Reflex’d ; anfwerable whereunto we have 
Optick:, Diopttricks, and Catoptricks. 

“In like manner Hearing may be divided into 
Dirett, Refratted and Reflex’d ,; whereto anfwer 


three parts of our Doétrine of Acoufticks, which — 


are yet namelefs, unlefs we call them Acoufticks, 


Diacoufticks. and Cathacoufticks, or (in another 


Senfe, but to as good Purpofe) Phonicks, Diapho- 
wicks, arid Cataphonicks. Beso | 
1. Direct Vifion has been improv’d two ways, 
ex parte Objecti, and ex parte Organi vel Me- 
dii. | 
1. Ex parte Objetti Dire Vifion has receiv’d 
advantages bythe Arts of Producing, Conferving 


‘and Imitating Light and Colours, which are the © 


Objeas of Vifion. 


1. For the Art of Producing Light, we have ~ 


the Frication of all hard Bodies that beget 
Fire; efpecially of the Flint and Steel; and 


inftead 
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inftead of the Flint, moft hard Stones (as well 
as the Cane) may be us’d to the fame effect, as 
upon trial Ihave found. Addhereto the lately 
invented Pho/phorms, which is a new and admir- 
able way of producing a Lucid Subjtance by Art, 
out of a Body in itfelf not Lucid; and _there- 
fore may not unfitly be term’d an Artificial 
| produétion of Light. agen a 

And then of the Art of Concerving Light, 
the Lapis Bononienfis is a notable inftance; and 
fo happily were the Sepulchral Lamps of the An- 
cients... _. as ie | 
"2. As to Colours, ’tis the greateft part of the 
Art of Dying to be able to make and fix (that is 
‘preferve) them, and the Painters and Limmers 
will own it to be no fmall part of their Skill to 
be able well to A@x (that is, in effect, to Geze- 
rate) Colours. — ogee 
3. For Imitation of Light and Colours, tis, well 
~~ known how far Per/pective withthe Art of Limn- 
ing and Shadowing have gone therein, which all 
tend fome way to the Advance or Improve- 
ment of Diredk Vifion. ~ . : | 

Add to all thefe, That 2 due Application of 


Light to the Objeét renders it Vifible, if it were — 


not fo before; as appears from a dark Room 
illuminated; or elfe makes it better arid more 
truly difcernable by the Senfe of Seeing, if be- 
fore it might have been difcern’d. 

Hence the fame Colour, in a divers Light, will 
appear different, and no Piéture can well be di- 
{cern’d or judg’d of but by its true Light. Be- 
fides, the Limmer will aflure you, that he can 
hardly make true Work or hit the Air of a 
Face exadly, unlefs we draw by a North-Light, 
by reafon of the Steddinefs of that, and the 


-j uncertainty of all other Lights whatfoever. 


Which 
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Which things fhew, that the. -drt of duly ap- 
plying Light to the Object does very much help 
and improve Vifion. -So alfo does the due 
placing of the Objett, as to Height and Di- 
france. But to enumerate all things that help 
Dirett Vifion, would be infinite. | Rie 

2. Ex parte Organi vel Medii Dire*t Vifionhas, ~ 
been improv’d by making ufe of a Tube, with-— 
out Glaffes, or a Man’s clos’d Hand, to look 
thro’; which admitting into the. Eye only the 
principal Rays, that come dire@ly from the 
Object, do very much ftrengthen and clear the 
Sight, by excluding all. the Collateral Rays, 
that crouding into the Eye, together with the 
dire& ones, would confound and difturb it, 
partly by mixing and interfering with the Di- 
rect Rays, and partly (or rather chiefly) by too 
much enlightning the fund of the Eye, where- 
in Vifion is truly (tho’ then imperfectly) made. 

On thisis founded the Art.of making Speét- 
acles without Glaffes; (as well as Tubes) which is 
done by putting into the Glafs-holes (inftead 
of Glafles) two fhort Tubes. of betwéen three 
and four Inches long (for their length is to be 
vary'd according to the Age or Eye of the be- 
holder, and fo alfo is the Diameter of the ex- 
tream ends) which Tubes being made of Spanifh 
Leather (or Paft-board, or fome fuch like mat- 
ter) and black’d on the infide, are fo to be 
plac’d, as that the vifual Rays, receiv thro’ 
them, may meet in one Point (or rather iffue 
out from one Point) of the Obje& ftanding at 
fuch a due diftance, as the Perfon may clearly 
and diftinély fee it, or according to his length 
of Sight (as ABC, in the 4th Fig. Tad. 3.) 


And © 
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And thefe Spectacles may be fuppos’d better 
for preferving the Sight, than the ordinary ones 
with Glaflés, becaufe they reprefent the Ob- 
ject more naturally, and witkal more clearly 
and diftinély to the Eye, than the other, whofe 
refraéted Rays being collected together withthe 
right ones in the Glaffes, do fomewhat con- 


found good Vifion, as before: Efpecially if the 


vifive Power be ftrong enough to be fufficiently 
determin’d by the right Rays alone. | 
For I fpeak now of prefervinga good Eyeb 
thefe Spectacles, which holds in proportion 
true alfo of a bad one. Becaufe thofe Rays 
(both right and refracted) being collected and 
brought fo near the Eye (whether good or bad) 
as the Spectacles are ufually plac’d, do too much 
affect it, both by their own brightnefs, and al- 
fo by the brightnefs of the Colours of the Ob- 
ject (when they are bright) which is brought 
very near alfo,; whereby the Eye is dazl’d and 


confounded, unlefs there be a ftrong attention 


and conatws of the Spirits, whereto the bright 
Rays do certainly engage them, which of necef- 
fity weakens Vifion, efpecially if thefe Glafs- 
fpectacles be much us’d. 

~ Wherefore the now defcrib’d new Tube- 
fpectacles, contributing fo muchto the help and 
prefervation of Sight, may well be counted an 
improvement of Direét Vifion, becaufe they con- 


vey the Rays to the Eye without any kind of 


refraction whatfoever. Seeing the fame Ob- 
ject alfo through various holes, plac’d at cer- 
tain diftances, does fomewhat alter Vifion; 
but of this perhaps more hereafter. 

Now as Dirett Vifion has thus been improv- 
ed, fo likewife Dirett Hearing partly has already 
receivd , and partly may (by the Dorine 

| whereof 
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whereof we are treating, (if well cultivated) — 
farther receive as great and notable Improve- _ 
ments, both ex parte Objecti, and ex parte Or- - 
gani vel Medi. ne open 
1. As to the Object of Hearing, whichis — 
Sound-, improvement has been and may. be 
made, both as to the Begettzzg, and as tothe 
Conveying and Propagating (which is a kindof — 
Conferving) of Sounds. a . 
“yz. As to the Begetting of Sounds. -The Art 
of imitating any Sound, whether by. Speaking — 
(that is pronouncing) any any kind of Lan- 
guage, (which really is an Art, and the rt of 
fpeaking perhaps one of the greateft) or by 
Whiftling, or by Singing (which areallow’d Arts) — 
or by Hollowing or Luring (which the Huntf- 
man or Faulkner would have to be an Art alfo) . 
or by imitating with the Mouth (or otherwife) - 
the Voice of any Animal, as of Quails, Cats, — 
and the like, or by Reprefenting any Sound be- — 
gotten by the Collifion of Solid Bodies, or af- 
ter any other manner, thefe are all Jmprove- — 
ments of Dirett Hearing, and may be improv'd. 
‘Moreover the Skill to make all forts of Afu- — 
fical Inftruments, both Ancient and Modern, 
whether Wind Inftruments or String’d, or of -a- 
ny other fort, whereof there are very many — 
(as Drums, Bells, the Syftrum of the Egyptians, 
and the like) that beget (and not only propa- 
gate) Sounds ; the Skill of making-thefe, I 
fay, isan Art, that has as much improwd Direct 
_ Hearing, as aj) Harmonious Sound exceeds a © 
fingle and rude one, that 1s, an immufical Toxe 5 
which Art is yet capable of farther improve- — 
ment. .And I do hope, that by the Rules, — 
which. may happily be laid down concerning © 
the Nature, Propagation and. Proportion or A- 
SHE oe ey oe en eee 
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dapting of Sounds, a way may, be found out, 
both to improve Mujical Inftrumeuts already in 
ufe, and to.invent new ones, that fhall be more 
fweet and Infhious, than any yet known. | Bee 
fides that, by. the fame means Infiruments may, 
be made, that fhall imitate any found in Na- 
ture, that is not Articulate, be it of Bird, 
Beaft, or what thing elfe foever. es: 
2. The Conveying and Propagating (which is a. 
kind of Conferving) of Sounds,.is much help’d. 
by duly placing the Sonorous Body, and alfo by the. - 
Medium. | ft Po: ; oat 
' For if the Medium be Thin and Quiefcent, 
and the Sounding Body plac’d conveniently, the 
Sound will be eafily and regularly propagated, 
and mightily conferv’d. | I fay, ee 
1. If the Medium be thin and Quiefcent, be« 
caufe it otherwife caufes a Refratted Sound, of 


which afterwards. Hence ina ffi! Evening or 


the dead of the Night (when the Wind ceafes) a 


Sound is better fent out and to, a greater di- 
-‘ftance than otherwife, tho’ much of this may 
be afcrib’d to it’s Refraétion alfo.. | 


2. I fay, that the Sonorous Body muft be plac’d 
conveniently, near.a Smooth Wall, near Water, or 
a Plain, whofe Surface is even, tte 

1. Near @ Smooth Wall, either Plain or 
Arch’d (Cycloidically or Elliptically , rather 
than otherwife, tho’ a Circular or any,.Arch 
will do, but not fo well.) : Wiles 

Fence in a Church, the nearer the Preacher 
ftandsto the Wall (and certainly ’tis much the 
beft way to place Pulpits near the Wall) the 
better is he heard, efpecially by thofe who ftand - 


fear the Wall alfo, though at a greater di- 


{tance from the Pulpit ; thofe at the remotelft 
end of the Church, by laying their Bars fone 
Be ts, "1Y aa ek sei ere bbe 
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what clofe to the Wall, may hear him éafier 
than thofe in the middle. Ss 

Hence alfo do arife Whi/pering Places. For 
the Voice being apply’d to one end of an Arch, — 
eafily rowls to the other. And indeed were the — 
motion and propagation of Sounds but rightly 
underftdod, ’twould be no hard matte# to con- — 
trive Whifpering Places of infinite variety and 
ufe. And perhaps there could be no better or 
more pleafant hearing a Confort of Adufick, than 
at fuch a place as this, where the Sounds rowl- — 
ing along together,before they cometo the Ear, . 
muft needs confolidate and imbody into one; 
which becomes a true compofition of Séunds, 
and is the very Life and Soul of Confort. | 

2. If the Sonorous Body be plac’d near Wa- 
ter the Sound will eafily be convey’d, yet mol- 
lified ; as Experience teacheth us from a Ring © 
of Bells near a River and a great Gun fhot off 
at Sea, which differ much in the ftrength, and | 
yet foftnefs and continuance or propagation of 
their Sounds, from the fame at Land, where ~ 
the Sound is more harfh and more perifhng, or 
much fooner decays. 

3. Ina Plain a Voice may be heard at a far 
greater diftance thanin uneven Ground. — 

The Reafon of all which laft nam’d Phexome~ — 
mais the fame, becaufe the Sonorous Air meet- | 
ting with little or no refiftence upon a Plane 
(much lefs upon an Arch’d) fmooth Superficies 
eafily rowls along it, without being let or hin- 
dred inits Motion, and confequently without 
having its parts disfigured, and put, into an- 
other kind of Revolution, than what they had 
at the firft begetting of the Sound. Which is 
the true caufe.of its Prefervation or Progreffion, — 
and fails much when'the Air pafles over an un- 

4 eveil 
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even Surface, according to the degrees of its 
inequality, and fomewhat alfo, when it paffles 
over the plain Superficies of a Body that is hard 
and refifting. ae ‘al 

- Wherefore the {mooth top of the Water (by 
reafon of its yielding to the Arch’d Air, and 
gently rifing again with a kind of refurge, like 
to Elafticity, tho’ it be not fo, by which re- 
furge it quickens and haftens the motion of the 
Air rowling over it, and by its yielding pre- 
ferves it in its Arch’d Cycloidical or Eliptical 
Figure) the fmooth top of the Water, I fay, for 
thefe reafons, and by thefe means, conveys a 
Sound. more. entire and to a greater diftance 
than the plain Surface of a piece of Ground, a 
Wall, or any other Solid Body whatever can 
d att 


sis | 

_-As-for the Speaking Trumpet, by which a 
‘Voice may be. convey’d to a confiderable di- 
ftance, I refer its confideration to that of Re- 
fratted Sounds or Refraited Audition. 

_ Thus much of the Improvements of Hearing, 
that re{pedt its Object which is Sound. 
2. The Organ and Aedium are to be confider- 
ed. And, 1. The Orgaz, which isthe Ear, is 
helpt much by placing it near a Wall (efpecial- 
ly at one end of an Arch, the Sound being be- 
gotten at the other) or near the Surface of 
Water, or of the Earth, along which the Sounds 
are moft eafily and naturally convey’d, as was 
before declar’d. And ’tis incredible how far a 
Sound made upon the Earth (by the trampling 
of a Troop of Horfes, for Example) may be 
heard ina ftill Night, ifa Man lays his Kear 
clofe to the Ground in a large Plaia. 


K Otacou- 
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Otacoufticks here come in for helping the — 
Ear, which may be fo contriv’d (by a right — 
underftanding the Progreffion of Sounds, which is — 
the principal thing to be known for the due re~ — 
gulating all fuch kinds of Inftruments) as that © 
the Sound might enter the Ear without any — 
Refraction , but as now they are generally made 
I refer thei to Refratted Audition. | 

2. Asto the Aledium, 1 know not how that, 
by any contrivance of Art, can advantage Di~ — 
vet Hearing, otherwife than I have declar’d al- — 
ready in the propagation or conveiance of ~ 
Sounds, tho’ to the Refaéting or Reflecting of 
them it may very much conduce; of which — 
prefently. a 

And fo IF have done with the firft part of my 
prefent undertaking, which is the Comparifow 
of Dire&t Vifion and Audition, as to their Im=- 
a aay from Art. The reft follow. Where 

ore, < 


WN. Concerning, Refratted Vifion and its Com 

parifon, I obferve, That Refratted Vifion is al~ 
ways mide Ex parte Medi, as Reflected is ex 
parte Objetti. And therefore tho’ Diett Vifow 
tmiay be help’d ex parte Objetti, Adedit vel Organis, 
yet Refratted can be improv'd only ex parte Me" 
dii, and Reflected ex parte Corporis oppofitc alones 
Unlef it be in a mixt or compound Vifion, 
that is Refraéto-Reflext, when the-reflext Rays: 
pafs to the Bye through a refracting Medium, 
fiich as the Medium Internum, contain’d in” 
the Body of the Eye always is. Sothatin truth’ 
all Vifion is Refratted by an internal Refraction 
made in ipfo Oculo. : ol 210 


And 
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And all that I have fpoken, of Vifion holds 
true of Hearing alfo, both Refraited and Reflext, 


and therefore need not be repeated. 


_ Refratted Vifion arifes from the different Dens 
fity., Figure and Magnitude of the Medium, — 
which is fomewhat alter’d alfo by the divers, in- 
cidence of the vifible Rays., And fo it is in 
Refratted Hearing, all thefe Caufes concur. to 
its Production, and fome others to be hereafter 
SOME df - one fou 29 ey, . 
_ Now as any Obje& (a Man for example) feen 
through a thicken’d Air, by Refrattion appears 
“greater than really he is: So likewife a Sound, 
heard through the fame thickned part of the 
Atmofpherey will be confiderably vary’d from 
what it would feem to be, if heard through a 
thinner Medium. — | , " 
_ And this I call a Refratted Sound; But what 
this Refra@ion of Sound is, and how caus’d, 
tay hereafter be difcufs’d, when the Nature, 
and Motion, or Progreflion of Sounds are well 
ae a | | . 
For the Improvement of Refratted Vifion ar- 
tificial Inftrumentshave been made,by grinding 
or blowing Glaffes into a certain Figure, and 
placing them.at due diftances, whereby the Ob- 
je may be (as ’twere) enabled to fend forth 
its Rays more vigorouily, and the Vifive Fa 
culty impower’d the better to receive them.’ 
And thus alfo Inftrumnents may be-contriv’d 
| for the .affifting both the Sozorous Body, to fend 
forth its’ Sound more ftrongly, and the Acou= 
_ flick, Faculty to receive and difcern it more eafily 
and clearly. For, — | 
1. Asa fine Glafs Bubble, fil?d withclear Wa- 
ter, and placd before a burning Candle or 
Lamp, does help it to dart forth its Rays to a 
K 2 prodigious 


I 
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prodigious length and brightnefs: So an Ja- 
ftrument may be invented, that apply’d to the — 
Mouth (or any Sonorous Body) fhall fend forth — 
the Voice diftin@ly to as prodigious a diftance 
and loudnefs. . | 
- Fort if the Stentoro-phonecon (which is but a 
rude and wnartificial Inftrument) does fuch 
great feats, what might be done with one com- 
pos’d according to the Rules of Art? whofe 
make fhould comply with the Laws of Sonorous — 
Motion (which that does not) and therefore not 
fo much Refraét, as to alter and confound the 
Tone of the Voice and Words (as that fomewhat 
does.) x | 

Now of what ufe fuch an Inftrument might . 
be for fpeaking clearly and articulately at a 
diftance (and that without altering the Tone of 
the Voice) whether it be at Sea or at Land (but 
efpecially at Sea in tempeftuous Weather and 
in the Night) is obvious to any Man to con- 
ceive. | 
>. As Inftruments have been invented to help 
the Eye, So likewife are there fome, and 
more fuch there may be for the Har. 
OSB er, ms | 

i. As Spettacles and other Glaffes are made to 
help the Purblind and weak Eyes, tofee at any 
competent diftance: So there are Oracoufticks 
(and better may be made) to help weak Ears to | 
hear at a reafonable diftance alfo. Which ” 
would be as great a help to the infirmity of Old — 
Age, as the other invention of Spectacles is, 
and perhaps greater ; forafmuch as the Hear- 
ing what’s fpoken is of more daily ufe and con- — 
cern to fuch Men, then to be able to read Books 
or to view Pittures. 


2. As 


Mifcellanea Curtofa. 13 "3 

2.As Per/pective-Glaffesand Telefcopes help the. 
Eye tofee Objects atavery great diftance,which 
otherwife would not be difcernable ; in likemans 
ner may a fort of Oracoufticks be fo contriv’d as 
that they fhall receive in Sousds made at a very. 
ereat. diffance alfo, but with fo much advan- 
tage, that the Ear fhall be able to hear them, 
which otherwife would have been izaudible. 

And thefe Oracou/ticks in fome refpects would 
be of greater ufe than Perfpectives.. For where- 
as at Land Per/pectives are many times render’d 
almoft ufelefs, by the interpofition of Woods 
and Mountains, which hinder the Sight from 
reaching very far: Our Otacoufticks would, 
-hotwithftanding thefe Obftacles,take in a Sound 
Made fome Leagues off. Which might be of 
notable ufein the time of War, for difcover- 
ing the Enemy at a good diftance, when he 
marches or lyes incamp’d behind a Mountain or 
Wood, or any fuch place of fhelter. _ 
Yea even at Seaalfo, where Per/pettives are 
of moft ufe, by reafon of the plainef of the 
Surface of the Water; yet fometimes , there O~ 
tacoufiicks may be of more benefit,. when: in 
dark hazy Weather the Air Is too thicks. or. in 
stormy Tempeftuous Weather the Waves 
a a too high for the Per/pective to be made ufe 
o. . 
_ But whether at Sea or Land Perfpedtives he- 
come altogether infignificant in the Night-time 
Cunlefs it be for viewing the Stars) which is the 
chief time for ufing Oracoufticks 5 ASL 1S gece 
rally, for Souldiers to take their March, whea. 
they would furprifé their Enemies. | 

And therefore this fort of Oracoufficks have 
then their chief ufe, when Perfpectives are of no 


¥ My, 
“gl , ¥ 3 ule 
wes, ; 
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ufe at all; befides that they may be imploy’d in — 
the Day-time, as well as Perfpeffives, whence — 
they may (not unfitly) be term’d the moft ufeful — 
Inftrument of the two. ‘ a 
3. As Atifcofcopes or Magnifying-Glaffes help 
the Eye to fee near Objects, that by reafon of 
their fmallnefs were Ivus/ible before ; which Ob- 
jects they Magnify toa ftrange greatnefs : Sa_ 
Microphones or Micracoufticks, that is Magnify- 
ing Ear Inftruments may be contriv’d after that 4 
manner, that they fhall render the moft mi- 
nute Sound in nature diftinétly audible, by 
Magnifying it to an unconceivable loudnefs. _ 

‘By the help hereof we may here the different 
Cries and Tones,as well as by A¢icrofcopes fee the 
ab Shapes and Figures of the fmalleft Ani-_ 
mals. | | 
~\4: As by Polyfcopes or AZultiplying-Glaffes, one 
thing is reprefented to, the Eye as many, whe-= 
ther in the fame or different Shapes (for fo 
Multiplying-glaffes may be contrivd:) So by a 
Polyphone or Polyacouftick.well order’d one Soung 
thay be heard as many, either of the fame or 
adifferent Note. Infomuch, that who ufes this 
Inftrument, he fhall, at the Sound of a fingle 
Viol, feem to hear a. whole Confort and all 
true Harmony. By which means this Inftru- 
ment has much the advantage of the Polye 
fcope. | tae tH 

And thus much may fuffice for, ‘compairing 
the Improvenments made upon Refratted See= 
ing and Hearing, \ call it Refratted Hearing, 
becaufe made throngh a Azedjum, viz. thick 
Air or an Inftrument, through which the Sound 
paffing is broken or refracted. 


» & J 
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Ill. Reflected Vifion has been improv’d by the 

Invention of Looking-glaffes and Polifh'd Metals, 
whether Plane, Concave, or Convex 5 and thefe 
two laft, either Spherical, Oval, Cylindrical, Co- 
nical,Hyperbolical, or of feveral other fhapes, all 
which caufea different Reflection, and vary the 
Phenomena. 

- Thus alfo Reflex’d Audition, made by Ecchoes, 
may be improv’d, by contriving feveral forts of 
Artificial Ecchoes; as tis no hard matter to do 
in almoft any place. | 

For (fpeaking ia the general) Any Sound, fal- 

hing direéily or obliquely upon any denfe Body, of a 
fmooth (whether Plane or Arch’d ) Superficies, w 

beat back again and reflected, or does eccho more or 
defs. | : 

_ [fay (1.) falling direttly or obliquely 5 becaufe, 
if the Sound be fent out and propagated parallet 
to the Surface of the Denfe Body, or be made fo 
far off and fo weak, that it cannot réach it, there 
will be no reflection of Sound, no Eccho. , 
. Vfay (2:) upon a Body of a fmooth Superficiess 
becaufe if the Surface of the Corpus Obftans be 
uneven, the Air by reverberation will be put 
out of its regular Motion, and the Sound there- 
by broken and extinguifh’d: So that tho’ in this 
cafe alfo the Air be beaten back again, yet 
rape is not reflected, nor is there any Ec- 
cno. tts : 
OT fay (3) ew -does eccha: more or lefs, to thew, 
that when all things are, as is before deferib’d, 
there is ftillan Ecchoing, though it be not al- 
ways heard; either becaufe the direct Sound is 
‘too weak to be beaten quite back again to him 
that made it; or that it does return home to 
him, but fo weak, that without the help of a 
good Oracouftick it cannot be difcern’d , or that 
Oe oh he 
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he ftands in a wrong place to receive the refle-_ 
&ed Sound, which paffes over his head, under — 
his Feet, or to one fide of him ; which theres 
fore may be heard by a Man ftanding i in that 
place, where the reflected Sound will come, 
provided no interpos’d Body does InLETEEE it 5 7 
but not by him, that firft made it. 

| fhall further make out the comparifon -twixt 
Reflex’d Vifion and Audition, by thefe lisse 
daca 7 

. Asa Plane Speculum retlects the Objet in 
itl due Dimenfions and Colours; allowing for 
their difference of appearance according to their: 
diftance : So a Plane Corpus Obftans reflects ‘the 
Sound back in its due Toxe and Loudzefs; if al- 
lowauce be likewife made for the proportiona- 
ble decreafe of the Sound according to its di- ; 
ftance. 

2. As a Convex s Machen reflects the Obj et 
lefs, but fomewhat brichter or ‘clearer : So a 
Convex Corpus Obftans repels the Sound (infenfi- 
bly) fmaller, but fomewhat quicker (thong wea~ 
ker) than otherwife it would be.” 

3. Asa Concave Speculum refieas the Objee 
bigger, more obfcure and Inverted :' So a Concave 
Corpus Objtans ecchoes back the Sound (infenfi- 
bly) bigger, flower (though ftronger) and alfo 
inverted, but never according to: “the order’ of 
Words. Nor do I think it poffible for the Art 
of Man to contrive a Single Eccho, that: Mall 
invert the Sound and repeat backwards; be+ 
caufe then the Words lait fpoken, that is, which 
do laft occurr to the Corpus. Obftans, mutt firkt 
be repell'd ; which cannot be: For where in 
the mean time fhould the firft Words Hiang, and 
be conceal’d, or lie dormant ?: Or chow, » after 
fuehsa paufe, be reviv’d and animated agai 

; alg 
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nto Motion? Vet in complicated or Compound 

Ecchoes, where many receive from one another, 
IT know not whether fomething that way may 
not be done: * be , ett 

From the determinate Concevity or Arched- 
nefs of thefe refleing Bodies, it comes to pafs, 
that fome of them, from a certain diftance or 
pofiture, will eccho back but one determinate 
Note, and from no other place will they re- 
verberate any ; becaufe of the undue Pofition of 
the founding Body. Suchanone (as I remem- 
ber) is the Vault in Aerton College in Oxford. — 

4. As a Speculum takes in and reflects more 
of its Object, ‘when plac’d at a great diftance 
from it, than when nearer ; becaufe it reflects 
according to’ the apparent Magnitude of the 
Body at fuch a diftance, which is lefs: So alfo 
the Ecchoing Body, being ‘removed farther off, 
reflets more of ‘the Sound, than when nearer. 
And this is the reafon, why fome Ecchoes repeat 
but one Syllable, fome one Word, and fome 
many: CASSve-oOL WS i 
sg. ‘As Spetalas may be fo placed, that reflect- 
ing one wpon or into the other, either diredtly 
or obliquely, one Obje& fhall appear’ many; as 
in Sir Samuel Moreland’s Glafs-room:: After the 
fame manner Ecchoing Bodies may be fo contri-' 
ved and placd, as that reflecting’ the Sound 
from one to theother, either directly and mu- 
tually, or obliquely ‘and by ‘Succeffion, out’ of 
one Sound fhall many Ecchoes* be begotten’; 
which in the firft café will be all together, and 
fomewhat involv’d or fwallow’d up of each o- 
ther, and thereby confus’d (as a Face in Look- 
ing-glafles obverted) in the other they will be 
diftiné, feparate, and fucceeding one anothers 
as moft multiple Ecthoes do. | 5 Yaorens 
ern tie Moreover 
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., Moreover a Atdtiple Eccho may be made, by _ 
fo placing the Ecchoing Bodies, at unequal di- — 
flances, that they reflec all one way, and not — 
one on the other; by which means a manifold — 
fucceflive. Sound. will be heard (not without — 
aftonifhment) one clap of the hands like many, — 
one ha like a laughter, one fingle word like 
many of the fame tone and accent, and fo one 
Viol like many of the fame kind. imitating each 

Goo og aeshiny old dace ad = Ge ah ete 

_. Furthermore, as Specula’s may be fo order’d, 

that by, Reflection they-fhall make one-fingle 
thing appear many different things ; as one fin- 
gle Mian. to feem. many Men, differing as to 
fhape and Complexion (or.a,company of Men) 
which I,think Sir Samuel .A@oreland’s Contri- 
vance.does: not; So-may Eechoing ,Bodies-alfo, be 
orderd; that,from,any one) Sound given, they 
fhall produce many E.cchoes, different both: as 
to their Tone and Intenfion. (The ground where- 
_ ofhas elfewhere been laid downtin a Treatife 

concerning the Sympathy of Lute-ftrings.) 

_ By this. means.a: AZufical Room :may, be. fo con- 
triv’d, | that not only one Inftrument,, play’d on 
in. it fhall.feem.many.of the fame fort and jize ; 
but even a Confort of fomewhat) different ones ; 
only by placing certain Ecchoing. Bodies fo, aS 
that.any Note (play) fhall. be return’d by 
them in 3ds, ths, and. 8ths, which. is.poffible 
to be done otherwife than was mention’d before 
in, Refratted Auditvone:, cor (adh bees. o> 

- Lhave now done.with, my Goniparifon: of ,the 
two. Nobleft Sex/es. and Sciences, as to their Im- 
provements ; wherein Ihave. been, thus, large, 
that L.might give, you a: little profped: into the 
Excellencyand Ufefulne/n of Acowtickss and that 
thereby I might excite-alk that hearune, enhand 
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their Thoughts towards the making of .Experi« 


ments for the compleating this (yet very imper= | 
fest, though noble) Science, a Specimen wheree. 
of | will give you in three. Problems, and then 
prefent you with the Semiplane of an Acouftickor. 
Phonical Sphere, asan Attempe to explicate the, 
great Principle in this Science, which is The Pre- 
-greffion of Sounds. aes | 


The Problems are thefe :. 


4. Sonum intendere quou[que velis OY, Datune 
fonum ad datum gradum intendere. , nner 
2. Sonum extendere quoufqus velis, OY, Datun 
fonum ad datam diftantiam extendere fen propa 
gare. mee pan. Saas 
3) Sonum tranfire ab extremo ad extremum. Sad 
non per Medium. pe paps seats Sao 


‘1. The firft is, To make the leaft Sound Cby 
the help of Inftruments ) as loud as the grea= 
te; a whifper to become as loud as the fhot of 
a Canon. * fy Cee me 
By the help of.this Problem, the, moft minute 
oe in Natute may be clearly and diftinctly 
eard. et i : eS ee 

2. The fecond is, To propagate any (the leaft) 
Sound to the greateft diftance. cay 
~ By the help, hereof any. Sound. may, be. con- 
vey'd to. any, and.therefore heard, at, any. di- 
ftance, (I muft add, within a certain, though 
yery large Sphere.) GS hag RB 5 Ct 

Moreover, by this means, a Weather-cock 
may be focontriv’d, as that, with an ordinary 
blaft of Wind it fhali cry, (or whiftle) loud e; 
nough to be heard many Leagues Sees 
pily may be found, of fome ule, not, only tor Fs 


i 
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forsin mighty tempeftuous Weather, when light — 
Hloufes are render’d almoft ufelefs ; but alfo for _ 
the meafuring the ftrength of Winds, if allow- _ 
dance be made for their different moifture. For 


T conceive, that the more dry any Wind is, the _ 


louder it will whiftle ceteris paribus; I fay, ce- 
teris paribus, becaufe, befides the ftrength and 
and drynefs of Winds or Breath, there are a 
great many other things (hereafter to be con- 
fider’d) that concur to the increafe or magni- 
fying of Sounds, begotten by them in an In- 
ftrument expofed to their violence, or blown 
into. nae ) | 
3- The third Problemis, That a Sound may be 
- convey’d from one extreme to the other Cor from 
one diftant place to another) fo as not to be heard: 
in the middle. upigde es da < ; 


By the help of this Problem a-Man may talk 
to his Friend at a very confiderable diftance, {9 
that thofe in the middle fpace fhall hear nothing 
of what paffed betwixt them. 


ACA Bapirs iy tops 5 beans 
Semiplanum Sphere Phonice feu Acouftica. 


You are to conceive that (rude) Semiplane, 
as parallel to the Horizon: Forif it be per- 
pendicular thereunto, I fuppofe the upper ex- 
tremity will be no longer Circular, but Hyper- 
bolical, and the lower part ‘of it fuited’ to 4 
greater Circle of the Earth. So that. the 
whole Phonical Sphere (if I may fo call It) 
will be. a folid Ayperbola, ftanding upon a 
Concave Spherical Bafe. 1 {péak this concera- 
ing Sounds made (as ufually they are) nich the 

Earth, 


will be different ; which is partly defign’ 
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Earth, and whofe Sonorous Medium has a free 
paflage every way. For ifthey are generated _ 
high in the Air, or directed one way, the cafe — 

d in 
the inequality of that draught. | : 
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A Difcourfe concerning the Modern 
Theory of Generation, 4y Dr. 
George Garden of Aberdeen, 4e- 

ing part of a Letter to Dr. Willi- 
am Mufsrave, L. L. D. Reg. 


Soc. S.and by him communicated to 
the Royal Society. 


HE Subje& I pitch upon, is that of the 

.Formation- of Anunals.- You-know how 
wide and unfatisfying Mens Conjeftures were 
upon this Head, until this Age, in which firft — 
the defervedly Famous Dr. Harvey difcovered 
the proper place of the Formation of the Chick 
m the Cicatricula of the Egg, and the Forma- 
tion of the Parts fo far as was difcernable by the 
naked Eye ; and after him A4zlpighius, by the 
help of exact Glaffes, obferved the firft Rudi- 
ments of it there, both before and after Incu- 
bation: And 2. de Graef, and others, having — 


Sen SS MEPS x 
“9 


upon many Obfervations concluded, that the ~ 
Teftes Famine: were the Ovaries of Females, and ~ 


confequently that all Animals were ex ovo; they — 
began from hence to infer, that the Rudiments 
of each Animal were originally in the refpe@ive 


Females, and that the Male contributed only 


to give a new Ferment to the Mafs of the Blood 
and Spirits, by which means a fpirituous Li- 
quor (Which the Blood in its ordinary Ferment 
could not produce) did infinuate its felf inte 


the = 
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the fame Duéts and Pores of the Rudiments of 
thofe Animals, which were in greateft forward- 
nefs in the Ovary, and fo extend, and enlar Be 
all their Parts, and at laft bring them to, per= 
fetion, as Mr. Perrault does ingenioufly  dif- 
courfe in the third Part of his Effau de Phyfique + 


til] now at laft Leowenboek has difcovered an in- . 


finite number of Avimalcula in femine marium of 
all kinds, which has made him condemn the 
former Opinions about the Propagation of all 

nimals ex Ovo. ghee a ka 
’ Now upon comparing the ‘Obfervations and. 
Difcoveries which have been. madé with one a= 
nother, thefe three things feeat to me very pro= 
bable. it. That Animals are ex Animaleule. 
2. That thefe Animalcles are originally 77 femine 
Marium & non in Feminiw. 3. That they can 
never come forward, nor be formed into Ani- 
mals of the refpective kind, without the Ove sz. 
Feminu. 3 oe SY, Meabeag 


The firft of thefe feems probable froin thefe 


_ three Obfervations. 1. That fome fuch thing 
has been, fo often obferved, by. A4alpighius, in 


eee —————S eee ee eS ee 


the Cicatricula of an Ege before Incubation, as 
the Rudiments of an Animal in the:thape of a 
Tadpole, as may be feen in: hjs*firft, and. in his 
repeated Obfervations de formatione Pulli in 
Ovo. 2.The fudden appearance and difplaying 
of all the Parts after Incubation, makes it. pro- 
bable, that they are not then actually. formed 
out ofa fluid, but that the Stamina of them have 
been formerly there exiftent, and‘ are now ex= 
panded. The firft Part of the Chick, which is 
difcovered with the naked Eye, is, you know;! 
the Punttum faliens, arid that not till three days 
and nights of Incubation be pait ; and then, a 
| | Piso te the 
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the fifth day, the Rudiments of the Head and — 
Body doappear.. This made Dr. Harvey con- — 
clude, that the Blood had a being before any — 
other Part of the Body; and that from it, all 
the Organs of the Fetus were both form’d and 
nourifhed : But by A¢alpighius’s Obfervations — 
we find that the Parts are then only fo far ex- 
‘tended, as to be made vifible to the naked Eye, 
and that they were actually exiftent before, and 
difcernable by Glaffes.. After an Incubation of 
thirty hours, are to be feén the Head, the Eyes, 
and the Cariza, with the Vertebre, diftina, and 
the Heart. After forty hours its Pulfe is vifi- 
ble,’ ‘and all thether Parts more diftin@,which — 
cannot be difcerned by the.naked Eye before 
the beginning of the fifth day; from whence it 
feems probable, that even the fo early difcove- 
ty of thofe Parts of the Fetus by the Micro- 

{cope, is not the difcerning of Parts newly for- 
med, but only more dilated and extended by — 
receiving of Nutriment from the Colliquamentums 
fo that they feem all to have been a@ually ex~ — 
iitent before the Incubation of the Hen. And 
what Swammerdam has difcovered in the tranf- — 
formation of Infeés, gives no fimall light to 
this 5 whilft he makes appear in the Explana- 
tion of the 13th Yable of the General Hiftory 
of Infe&s, that in thofe large. Fruca’s which 
feed upon Cabbage, if they be taken about the 
time they retire to be transform’d into Aurelia’s, 
and plung’d often in warm Water to make a 

Rupture of the outer Skin, you will difcern © 
thro” the tranfparency of their fecond Mem- 
brane, all the Parts of the Butterfly, the Trunk, — 
Wings, Feelers, @c. folded up. But that af- 
ter the Eruca is chang’d into an Aurelia, none 
of thefe Parts can be difcerned, they are fo 

| o | drencht 
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dencht with moifture, tho’ they be there adtue . 
ally form’d. Anothet Confideration is from the - 
Analogy; Which we may fuppofe between Plants ° 
and Animals. All Vegetables we fee do proceed. — 
ex Plantula, the Seeds of Vegetables being no- 
thing elfe but little Plants of the fame kind © 
folded up in Coats and Membranes ; and from 
hence we may probably conjecture, that {0 cts 
rioufly an érganized Creature as an Animal, is 
not the fudden Produ@ ofa Fluid or Coliqua- 
mentum, but does much rather proceed from.an 
Animalcle of the fame kind, and has all its lit- - 
tle Members folded up according:to their feve- 
ral Joints and Plicatures, which are afterwards 
enlarged and diftended, as we fee in Plants. | 
Now tho’ this Confideration alone may feem 
not to bear.much weight ; yet being join’d to - 
the two former they do mutually ftrengthen 
each other. And indeed all the Laws of Mo- 
tion which are as yet difcovered, can give but 
a-very lame account of the forming ofa Plant , 
or Animal. We fee how wretchedly Des Cartes » 
came off when he began to apply them to this 
Subje& ; they are form’d by Laws yet unknown ~ 
to Mankind 3 and it feems moft probable, that — 
the Stamina of all the Plants and Animals that 
shave been, or ever fhall be in the World, have_ 


been formed, ab Origine Mundi, by the Almighty *.. 
Creator within the firft of each refpective kind. __ 
And ‘he who ‘confiders’ the Nature of Vilion, 
that it'does not give us the true magnitude, 
but the proportion of things; and that what | 
feems to our naked Eye but a Point, may truly 
be made up of'as many Parts as feem to us to be. 
inthe whole vifible World, will not think this 
an abfurd orimpoffible thing. — ane 


L ; | | But 


ys 
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But the fecond thing which later Difcoveries 
have made probable, is,that thefe Animalcules 
are originally iz Semine Marium non in feemi- 
nw. And this I colleét. from: thefe Confidera-. 
tions: 1. That there are innumerable Asimal-_ 
cula difcovered ia Semine Mafculo omnium Ani<- 
malium. Mr. Leewenhoeck has made this fo evi- 
dent by fo many Obfervations, that Ido not ~ 
in the leaft queftion the truth of the.thing. 
The reafon of their multitude, and fome of the. 
difficulties which arife thereupon, he has clea-. 
red to very good purpofe, fo that I fhall not re-_ 
peat them. 2. The obferving the Rudiments~ 
of. the Fetusin Eggs, which have been fecun-. 
dated by the Male, and the feeing no fuch thing, 
in thofe which are not fecundated, . as appears; 
from Aalpighius his Obfervations,- make it very, 
probable that thefe Rudiments proceed origi-: 
nally from the Male, and not from the Female. - 
3.. The refemblance between the Rudiments of; 
of the Fetus in Ovo, both before and after Incu-_ 
bation, and the Azimalcule, makes it very pro- 
bable that, they are one and the fame. , The, 
fame Shape.and Figure which Mr.. Leewenhoeck,, 
gives us of the Anmalcule, ALalpighins likewife » 
gives,ofthe Rudiments of the Fetus, both be-- 
fore and. after Incubation; yea, and even the’ 
Fetus’s of Animals do.appear fo, at firft,to the: 
naked, Hye, fo that, Dr., Harvey does acknow-* 
ledge that all Animals, even the moft, perfed,, 
ate, begotten of.a Worm, De Gez.. Auim.: Exe; 
18. .4-. This gives a rational account.of many? 
Fetys’s at one Birth, efpecially that, of the Coun~ 
tefs of Holland, and how at leaft.a whole} Clu-7 
fter, Of Bes. in, a.Hen are /fecundated. by one, 
Coition of the Male. 5. This gives anew lightys 
as it were, to the firft Prophecy concerning the 
Hos OF P] Meffiah, 
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Meffiah, that. the Seed of the Woman thall. 
bruife the Head of the Serpent, all the reft of 
Mankind being thus, moft properly. and truly - 
the Seed of the Man... 6.: Fhe Analogy Ihave: 
already mentioned, . which we. may rationally - 
luppofe between the manner of the propagation 
of Plants and Animals, does likewife. make this 
srebable. . Every Herband Tree bears its Seed. 
fter its kind; which Seed: is nothing elfe but 
| little Plant. of. the. fame kind, which being: 
hrown, into, the Earth, .as into. its Uterus, 
preads forth its Roots and. receivesits nouri{h= 
nent, but has its form, within its felf, and we 
nay rationally conjecture fome: fuch Analogy in» 
he Propagation of Animals: iii 
“Fhe third Particular which later Difcoveries 
make ‘probable, is,..that. Animals. cannot be 
ornvd, of thefle. Avimalcula without the Ova. iz 
eminis,which areneceflary for fupplying ofthem 
ith proper Nutriment: And this thefe Con- 
derations, feem, to-evince. 1. It is probable 
hat an Animalcule cannot come forward, if it 
lo'not fall into-a proper Nidus. This we fee is 
he Cicatricula inv Eggs; and tho’ a Million of 
hem fhould, fall, into, an. eg, none of them 
ould, come forward, but what were in the 
enter of the Cicatricula, and perhaps the Ni- 
us neceflary for their formation. is. fo propor= 
ion’d'to their bulk, thatit can hardly contain’ 
ore than: one Animalcules and this nay be the 
eafon: why there are fo.few Montfters.. This 
je-fee is abfolutely, neceffary in Oviparis + and 
only difference which feems to. be between 
emvand the Vivipara, in this matter, is in 
is,, thatinthe latter-the Ouz are properly no- 
Ing .morebut the Crcatricula, with its Colii- 
mentum, {o that os Foetus muft fpread forth 
: ges 


its 
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its Roots into the Urerus to receive its nourifh- 
ment; But the Eggs in Ovzpars may be proper-_ 
Jy term’d an Urerus, in relation to the Fetus; 
for they contain not_only the Cicatricula, with 
its Amnion and the Colliquamentum, which is the © 
the immediate nourifhment of the Farus, but” 
‘alfo the materials which are to be converted in= 
to that Colliquamentum 5 fo that the Fetus {preads 
forth its Roots no farther than into the white 
aud yolk of the Egg, from whence it derives all” 
‘ts nourifament. Now'that an Animalcule can-_ 
not come forward without fome fuch proper 
Nidus, Mr. Leewenhoeck,will not readily deny 5_ 
for if there were nothing needful, but their be- | 
ing thrown into the Uterus, 1 do not fee why 
many hundreds of them fhould not come for-— 
ward at once; for as to what Mr. Leetenhoeck, 
fays, that one of them would. be-dwarf and” 
choak the reft; this might “fall-out in procefs” 
of time: But at firft 1 do not fee why many of 
them fhould not grow together, whilft fcatter’d 
in fo large a Field (and yet no fuch thing is 
obferved) if there were not an abfolute necef- 
- fity ofa Cicatricula for their growth and thri+ 
ving. Now, 2. That this Cicatricula is not 
originally in Utero, feems evident’ from the fre= 
quent Conceptions which have been found extra” 
Cerum : Such as. the Child which continued, 
Twenty fix years in the Woman of Tholoufe’s 
Belly, mentioned Numb. 139. of the Phil. Tranfe 
Aid the little’ Fetus found in the Abdomen de 
St. AdZere, together with ‘the Tefticle torn and 
and full of clotted Blood, recorded Numb. 1500 
both taken out of the Journals des. Scavans ¢ 
Such alfo feem to be the Fetus in the Abdomen 
ofthe Woman of Copeshagen, mentioned in the 
Nouvelles des Lettres, for Sept. 35. page 996. a 
diol i oe ae Os ISug OF as tne 
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he Members of which were eafily to be felt 
hro’ the Skin of the Belly, and which fhe had 
arried in her Belly for four Years , and the fe- 
ren Years Gravidation, related by. Dr. Cole, 
Numb. 172.. of the Tranfact. That thefe two 
vere undoubtedly extra Uterum, is uncertain, 
ecaufe the laft was not opened after her death, 
nd the former may be yet ftill alive. Now 
ranting once the neceflity of a proper Nidus, 
or the formation of an Animalcle into the Ani- 
nal of its refpective kind ; thefe Obfervations 
nake it probable, that the Te/fes are the Ovaria 
ippropriated for this ufe; for tho’ the Ani- 
nalcles coming thither in fuch Cafes may feem 
o be extraordinary, and that ufually the Im- 
yregnation is'iz-Urero 5 yet it may be collected 
rom hence, that the Creatricule or Ova to be 
mpregnated, are in Teffibus foemineis; for if it: 
vere not fo, the accidental coming of Animal- 
les thither could not make them come for- 
ard more than in any other part of the Body, 
ac they cannot be formed and novurifhed with-. 
mit a proper Nidus.. But 3. It is acknowledg’d 
yy all, that the Fetus iz Urero, for fome confi- 
lerable time after Conception, has no connexi- 
n with the Womb, that it fits wholly loofe to 
f, and is perfectly a little round Ege with the 
a@tus in the midft, which fends forth its Um- 
ilical Veffels by degrees, and at laft lays hold 
n the Uterus. Now-from hence it feems evi- 
ent, that the Cicatricula, which is the Foun- 
ain of the Animalcles nourifhment, does not 
rout from the Urerus, but has its Origin clfe- 
vhere, and falls in thither as into a fit Soil, 
om whence it may draw Nutriment for the 
rowth of the Ferus ; elfe it cannot be eafily 
lagin’d, how it fhould not have an immediate 

3 Connexion 
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Connexion with the Uterus from the time of 
Conception. — If you join all thefe three Confi- 


' derations together, viz. that an Animalcule cane 


not come forward without a proper Nidus or 
Cicatricula , that there have ‘been frequent. Fas 
tus’s extra Uterum ; and that they have no Ad= 
hafion to the Uterus, for a confiderable time af- 
ter Conception, they feem to make it evident, 
that Animals cannot be form’d ex Animalculig 
without the Ova ix Feminis. Toall thefe [ fhall 
fubjoin the Propofal of an Experimentum Crucis, 
which may feem to determine, whether the 
Teftes Feminee be truly the Ovaria, viz. Open 
_ the Abdomen of the Females of fome kinds, and 
cut our thefe Tefticles, and this will determine, 
whether they be abfolutely neceflary for the for= 
mation of Animals. ; oe = 
There are fome Difficulties propofed againft 
this Conjecture, which I think may be eafily re= 
folved. Some obje& the diftance between the 
Tube or Cornua Uteri, and the Tefticles; but to 
this is oppofed by Swammerden, and others, the 
_ like diftance between the Jnfundibulum, in Hens 
and Frogs, and the Ovary; and yet it cannot, 
be denied that the Eggs are tranfmitted thro® 
this into the Urerus: and befides R. de Graef, and 
_ others, have by repeated Obfervations found that 
the Cornua Uterido at certain times after Conce= 
ption,embrace thet Te/fes on both fidesthe Uterus. 
They object in the fecond place the great difpro- 
portion between the pretended Eggs in the O- 
vary, and the Aperture of the Tuée or Cornua Us 
teri, the former being a great deal bigger 
than the latter: But both R. de Graefand AZal= 
pighius have :clear’d that Matter, by making 
appear, that thefe Bladders in the Ovary are 
not the Ova, but ferve to form the Glandules 
svi | . ~-withia 
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within which the Ova are formed, which break 
througha fmall Papila opening in the Glandule, 
which bears a proportion to the Aperture of 
the Tube. They object 3. The difficulty to 
conceive how thefe Eggs fhould be impregnated 
er femen Maris, both becaufe there is no Con- 
flexion between the Tube and the Ovary for its 
tranfriffion, and for that Dr. Harvey could ne- 
ver difcover any thing of it in Utero. As to — 
the laft, Mr. Leewenhoeck has.cleared that diffi- 
culty, by the difcovery of innumerable Animale 
ciila Seminis Maris in Cornnbus Uteri, and thofe 
living a confiderable time after Coition. Numb. 
174. of the Tranfact. And as to the former, we 
may either fuppofe that there is fuch an Infla- 
tion of the Tube or Cornua uteri tempore Coitionis, 
as makes them embrace the Ovaria, and fuch an 
approach of the Urerus and its Cornua, as that 
-imay eafily tranfmit the Seed into the Ovary 5 
or elfe, that the Ova are impregnated by the 
Animalcles after they defcend into the Uterus, 
and not in the Ovary; the former feems pro- 
bable for this reafon, that at leaft a whole Clu- 
| fter of Eggs in a Hen will be fecundated by one 
| Tread of the Cock: Now this Fecundation 
feems to be in the Vitellary, and not in the 
Uterus, as the Eggs pafs along from day to day ; 
for it can hardly be fuppofed that the Animal- 
cles fhould fubfift fo long, being fcattered loofe- 
ly in the Uterus, as to wait there for many days 
for the Fecundation of the Eggs as they pafs 
along. The latter conjecture has this to ftreng- 
then it, that the Animalcles are found to live 
a confiderable timein the Urerus; and that if 
they fhould impregnate the Ova in the Ovary 
its felf, the Faerus would increafe fo faft, that 
the Ovacould not pafs thro’ the Tube Urerr, 
ey but 
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but would either burft the Ovary, or fall down 


bz ; and that from hence proceed thofe extra-~ 
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0 


into the Abdomen from the Orifices of the Tz- 


ordinary Conceptions in Abdomine extra Uterum, — 
But, 4. Mr. Leewenhoeck, Numb. 147. of the — 


Tranfaét. to weaken the third Confideration a- — 
bout the Conceptions, being like unto an Quum — 
in the Womb, propofes a Parallel between thefe — 
Animalcules and Infeéts; and infinuates, that a 
as the latter caft their Skins and appear of ano- — 
ther Shape, fo the other which at firft feem — 
like Tadpoles, may caft their outer Skin and — 
and then be round, and that this may be the 
occalion of the round Figure of the Conception — 
inthe Womb. To this it may be replied; that 


according to Mr. Leewezhoeck’s own Sentiment, — 
the Animalcles cannot come forward, if they da 


not find the Pugétwm or proper place for their 


Nourifhment, to which it feems they muft have - 


fome Adbafion. Now the Conception in Vivi. 
paris is not faftned unto the Womb for many — 


days, nor does adhere to any point ofit; fa 
that it feems this roundifh Body is not the Ani- 
malcle thus chang’d after having caft an outer 
Skin, but is rather the Cicatricula or little Egg, 
into which the Animalcle has entred as its Pune 
ttum or place of Nourifhment; elfe I do not — 


fee why they fhould not be adhering to the 


Womb from the firft Conception, or why (as I 


have faid) many hundreds of them are not cons — 


ceived and formed together, cr. 
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A fhort Difcourfe concerning Conco- 
. dun: Read at a Meeting of the 
- Royal Socvety, May 1699, by 
~Clopton Havers, M. D.. Feilo 
of the Royal Soctety. ae 


PYHE manner in which the Digeftion of 

i the Aliment is performed, ‘is a thing not 
very eafie to be underftood and explain’d. 
However, it has not efcap’d the ConjeGures of 
fome Philofophical Men, who having curioufly 
obferv’d the Phenomena of Nature, and enqui- 
red into their Caufes, have, amongft other 
_ things, endeavour’d to account for this. But 
their Sentiments about it have been various, 
and the Hypothefis, by which they have ftudi- 
ed to explain it, very different. Some have 
thought the Concoction of the Food to be a 
kind of Elixation; and that the groffer and 
more folid Parts being, as it were, boil’din the 
Liquid by the Heat of the Stomach, and the 
Parts adjacent to it, as the Liver, Spleen, and, 
Omentum, are by a long and continued. Blixa- 
tion firft render’d more tender, and then colli- 
quated, and diffolved into minuter Particles, fo 
as to mix more equally with the fluid, and with 
that to make one Pulpament, or chylous Mafs. 
And #ippocrates, tho’ he docs not plainly call it. 
an Hlixation, yet feems to attribute the Conco- 
éion of the Food to the Heat of the Stomach, 
as the Caufe of it, Sett, 4. Libro de Salubri vittus 
7 ratione. 
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yatione. So where he takes notice of the void- — 


ing of fuch Foeces, as appear to be like the 


Food that has been eaten, he adds,Conftat enim, — 


fane ventriculum, ciborum copiam, ut concoquat, 
calefacere non poffe. And there are other Pafla- 


4 A gts pesca , - 


ges in the fame Book, from which we may con- — 
clude, that. he fuppos’d the Heat of the Sto- — 


mach to be the great Caufe of the Digeftion of 


the Food. 


There are others that make the Stomach it a 


{elf to be the great Inftrument of Digeftion, 
but in a different manner: And they fuppofe it 
to be perform’d by'an Attrition, as if the Sto- 
mach, by thofe repeated motions, which are 
the neceflary Effects of Refpiration, when it is 


diftended by the Aliment, did both rub or grind 


off fome minuter Particles from the groffer 
Parts, and by continually agitating the Mafs 
of Food, make thofe Parts, which are not con- 
tiguous to the Stomach, ftrike one againft ano- 
_ ther, and break one another in pieces, until 
they are all attenuated. It is evident enough, 
that the fides of the Stomach do in Expiration 


prefs upon the Contenta, fo as to oblige, at - 


Jeaft fome Parts of them, every time the Muf- 
cles of the Abdomen are contracted, to move 
and fhift their places. Soin Infpiration, when 
the Diaphragm and Liver prefs upon the upper 
part of the Stomach, the Aliment muft be mo- 
ved again. So that by thefe reciprocal motions, 
that part of the Food which is contiguous to 


the Stomach, and moves ina Line parallel toit, 


muft rub againft it ; and all the other Parts be- 


ing moved by fuch a Compreflion, as gives them © | 


a different Tendency, it iscertain they muft be _ 


continually ftriking one againft another. And 


for Bread; and fuch things as are made of Flow- — 


cr 
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er, that. will be foften’d and diffolv’d with any 
commow Liquid, that Agitation of the Stomach 
which ‘moves them in Refpiration, might feem 
fufficient. to break and diffolve them, when they 
dre fufficiently moiften’d with aFluid. Yet this 
cannot be thought enough to break and digeft 
Flefh-meat, Fruits, or any other thing that 
will not be foftned and diflolv’d in Water, or. 
fome fuch Liquid. But altho’ this Motion of 
the Aliment, caufed by Refpiration, does not 
actually digeft it, yet it has.a. great and necef- 
fary Ufe in Concodion, and makes all the grof= 
fer Parts, as they are attenuated, mix equally 
with the Fluid. = er ate, 
Some think that the Bilious Juice ; others, 
that the Spirits are chiefly concern’d in this 
Affair. Galen,in his Book de Naturalibus Facul- 
tatibus, makes it to be the Effect, not of one, but 
of feveral Caufes;as a pituitous Juice in the. Sto- 
_ mach, the Bile, cc. which appears from what 
he has faid, and the Tranflator thus render’d : 
Verum quanto ii (cibi) qui manfi funt, iw, qui 
inheferunt, magis funt alteratis tanto etiam bis 
Magis ity qui devorati funt. Siquidem incompa- 
_rabilis erit horum alterationis excéffus, fi @ que 
in ventre eft Pituta & Bilis, & Spiritus, G Ca= 
lor, & tota Ventris fubftantia, aftimentur. | 

Some there are that will have the Food to 
be diffolv’d by a Menftruum, which is fupply’d 
from the Glands of the Stomach, or fome other 
way : But thofe that do fo far agree in the Ge- 
neral, as to think Concoétion is pérforn’d by a 
Diffolvent, do differ in their Notions’ of the 
Nature of the Menftruum: For theré are fome 
that fuppofe it to be an Acid, which does erode 
the grofler Parts of the Food, and diffolves them 
in the fame manner as Vinegar, Spirit of Vi-: 
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triol, or any fuch-like Acid, will diffolge even 
fo folid a Body as Iron. And it cannot be de- 
ny’d, but that Oil of Vitriol will diffolve Flefh- 
meat, and reduce it to a Pulp ; but it is not to 
be fuppos’d, that the Fibres of the Stomach 
can admit any fuch ftrong and corroding Acid, 
without fomething to. correét it, but it muft be 
injur’d in its Tone, and labour under great and 
extraordinary Pains. Neither does fuch a 
Menftruum, tho’ it will digeft fome things, feem 
capable of diflolving fo great a Variety of 
Things as we eat, efpecially when a great ma- 
ny of them are of a contrary Nature. Some 
will have the Menftruum to be a mitro-aerius 
Spirit, that is, quick, and very penetrating, 
and included in its proper Vehicle; which, be- 
ing in its own Nature apt to penetrate the 
Mafs of the Aliment, does diffufe it felf through 
the Whole, and breaking the Vinculum of the 
more folid Parts, does diffolve their Compages. 
By others, it is thought to be fome faline Juice 
in the Stomach, by which the Parts of the Ali- 
ment are divided and diffolved, and thofe which 
are fit for Nourifhment, are volatiliz’d. 

- Laftly, There are fome others who reject the 
Opinions I have already mention’d, and fup- ~ 
pofe the Digeftion of the Food tobe perform’d 
by the Benefit of a Ferment; which, when it 
is mix’d with the Aliment, excites in the Mafs 
an inteftine motion; and the different and con- 
trary motions or tendency of the Parts making 
fome kind of Collifion, gradually break off Par- 
ticles from the grofler, and more folid Parts, 
till they are fo attenuated as to be apt to mix 
more equally with the Fluid, and with them to 
make one foft or chylous Subftance. But yet 
there is not amongft them an univerfal Con- 

fenty 
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| filting of various Parts of a different Nature, 
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fent, either about the Nature of this Ferment, 
or the manner how it is fupply’d. For firft, 


_ fome think it to be the Remains of the Food 


that was laft digefted; which having lain fome 
time in the Stomach, after the reft is carried 
down into the Inteftines, contraéts an Acid, or 
fome other Quality, and is fo alter’d as to par- 
take of the Nature ofa Leaven. And this Lea- 
ven being a part of the Food, which has been 
already digeited, is fo foft and liquid as to be. 
capable of mixing with the Aliment, which is 
next taken.into the Stomach ; and being agi- 
tated with it by the repeated Preffures of the 
Diaphragm, Liver,and Abdominal Mufcles up- 
on the Stomach iu Refpiration, does diffufe it 
felf through the whole Mafs; and ‘being mixed 
with it, like Leaven, or Yeft added to new 
Wort, &c. puts it into a State of Fermenta- 
tion; and by this Fermentation, or the Ex- 
panfion of the Ferment, and the more tenuious 


Parts, which are firft put into motion by it, 


thofe which are more folid, and with which 
they are intermix’d, are rent, and divided, and 
fo attenuated, as to become a foft and pulpous 
matter. And altho’ the greateft part of the 
Food, that is thus broken and concocted, is by 
the Contraction of the Fibres of the Stomach 
prefs’d into the Duodenum ; yet they do not 
contract themfelves fo as to force out all the 
Aliment, but leave between the Ruge or Folds, 
on the infide of the Stomach, a fufficient Qyan-_ 
tity to be a Leaven to the next Meal; and fo 
from time to time. | 

Some have a Notion, That this Ferment, or 
Principle of Fermentation, isin the Aliment it 
felf;, which being a Congeries of Matter, con-. 
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_is no fooner enclofed in the Stomach, and: di- 
gefted in the Heat of that, and the adjacent 
Parts, but the more fpirituons.and fubtil Par-. — 
ticles are put into motion both. from that. 
Warmth, and the difference of their Natures, 
and enter upon a Fermentation. And fo. by 
their inteftine Commotion, and the Violence 
they offer to thofe Parts which oppofe the ten- 
dency of any of them, they break and diflolve. - 
what is,more folid. .. THe 
‘Again’: Some fuppofe, that this Ferment is 
fupply’d from the Glands of theStomach. _ 

~ And Laftly, Others, and perhaps with much 
better Reafon, contend for the Saliva, and 
make that to be the Ferment, .which. ferves — 
principally for the Digeftion of the Food; 
_ which in Maftication being mix’d with our. Ali- — 
ment, is with that carried down into the Sto- 
mach, where the Parts oft being put into mo- 
tion by a kindly and agreeable Heat, they do 
ferment with, and exagitate firft thofe Parts of 
the Food. which are moft apt to, ferment with 
it, and’then both confpire-to break and diffolve 
the groffer and more ftubborn Parts. And Ga-. 
len, in the Book I have before-mentioned, plain- _ 
ly allows. that the Saliva is concerned.in the bu-, _ 
finefs of Concoation, tho’ he fuppofes the Al- 
teration, which is produc’d by this Juice, to be 
made in the Mouth, as appears. from. thefe. 
Words:, Que. (alteratio). ia ore agitur mutat qui- 
dem id (nutrimentim) in alteram. {peciem manife>. 
fe, non tamen ad perfettionem tran{mutat.-~-- Out 
manft [unt cibi primum-quidem hac Pituita (ori) 
inbuuntur, & cum ea-mifcentur ----. Itaque majo- 
vem mutationem confecutt funty quam ti, quiin Vaw 
cuis dentium intervallis fuere smpattse 
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» Now I have given this fhort Account of the 
various Opinions of fome Ingenious Men, con- 
cerning the manner how Concoction is per= 
forin’d ; I come now to propofe my own Hy- 
pothefis, by which I fhall endeavour to explain 


. 
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-Inorderto the more eafie and effe&ual Di- 
geftion of the Food; Nature has appointed fome 
Parts for the breaking our Aliment, and re- 
ducing whatever is grofs into finaller Parts, be- 
fore it is put upon Digeftion : Others to fup- 
ply the Ferment, by which it is to be diflolv’d 
and concocted, and which, before it comes to 
be included in the Stomach, does moiften, and 
make it more foft, that it may more eafily be. 
penetrated and broken by thofe Parts which 
ferve to divide every Morfel into fmaller Pies 

ces, and prevents the Inconvenience and Trou- 
ble which would arife from the Nourifhment 
‘Mticking about or between them, when it is dry. 
or vifcous. = ? pe ea ea 
For the breaking of that part of our Food; 
which is not liquid, Nature has furnifh’d ‘us 
with Teeth, and thofe of two forts: For fome 
are ordain’d to divide and break off fnaller 
Morfels from a larger Mafs; others are made 
for the grinding thofe Morfels into much fmal- 
ler parts. The Teeth, which ferve to break 


off Pieces ofa convenient Magnitude from a 
larger Mafs, are of two forts accommodated to 
the Natute of ‘the Subftance which we eat. 
Thefe are'the Incifores, and the Dentes Canini. 
If the Subftance, which we have to eat, be not 
hard, but more eafily penetrated and divided, 
then the Jncifores are capable of making an Im- 
preflion upon-it, and fix’d firmly. enough: 7 the 
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Jaws to break off that part which they take 
hold of. But if it be more folid, and not eafi- | 
ly penetrated, nor any Piece without difficulty — 
to be feparated from that Body, whereof it is a 
part, then we apply the Dentes Canini, or Eye- 
Teeth to it, which are not fpread, nor have 
fach an edge as the Jncifores, but are fharp and 
pointed like an Awl, and fo.do more readily - 
penetrate a Subftance that is’ hard, and which 
the IJncifores can’ fcarcely make any Impreffion 
upon. And as the Parts of a more folid Body) 
are commonly with more dishculty feparated, - 
and there muft be a greater ftrefs put upon 
thofe Teeth which pull it into pieces; fo — 
thefe Teeth are much more firmly fixed in the 
Jaws than.the Jncifores; tho’ they have but one 
jingle Root... Befides, the Pofition of all thefe: 
Teeth, is accommodated to. their ufe, as being: 
planted oppofite to the Aperture of the Mouth; ~ 
fo that they may be conveniently apply’d to 
the Subftance which we have to eat, before it 
is broken, and when it is too large to be admit- 
ted.within.the Mouth. © ont aot. 
‘The Teeth which do by a Compreflion and 
Attrition reduce the little Morfels to fmaller 
Parts, are from the manner in which they break ‘ 
the Aliment, called Dentes Afolares, becaufe 
they do, like fo many Mill-ftones, grind the 
Food between them. And that they might be = 
render'd fit ‘for this purpofe, they -are made» 
broad at that Extremity, which ftands out of! 
the Gums, by which means they retain fome- 
Quantity of the Food between them every time ~ 
the lower Jaw is pulled up and fore’d againft the’ 
Maxilla: fuperior. And as they are broad, fo: 
they are formed with Inequalities and ‘Protube-i 
rances ; and by the motion of the lower en i 
PSA | ; trom 
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from one fide towards the other, they grind 
what they have between them into pieces. 
The Pofition of thefe Teeth too is as conve- 
Hient as that of the Jvczforés, and the Den- 
tes Canini: For being defign’d to break thofe 
‘pieces of our folid Food, which are taken in- 
to the Mouth, and thefe pieces, when they 
‘are compre{s’d, and moved by the Dentes Afo- 
lares, being-apt to fly out of the Mouth, if 
there were no Contrivance to prevent it, they 
_ are placed beyond the Aperttire of the Mouth, 
‘and oppofite to the Cheeks, which keep the 
Food within that Cavity, and not only fo, 
‘but prefs it in between the Dentes Afolares on 
‘one fide, as the Tongue does onthe other, 
until they have fufficiently broken and divi- 
ded it. | 
~ At the famie tine, whilft the Dentes Atolas 
res are breaking the Food, there flows 
anito the Mouth a falival Juice which mixes 
with it, and not only ferves to moiften. it, 
and to renderit more apt and eafie to be di- 
vided, but feeris to be the Ferment, by the 
Benefit’ of which the Food is diffolved and 
digefted- And therefore it is intimately _ 
mixed with it,by the Teeth agitating or ftirs 
ring them together in maftication. ‘omaaae 
- This Liquor, which we commionly call the 
Saliva, or Spittle, feems to be a Compofis _ 
tion made’ of two feveral Juices, very diffe- 
rent in their Nature: And therefore the fe- 
veral Partsofit are feparated by their pro- 
per Glands , and Nature has planted no fewer 
than four pair about the Mouth, which fup- 
ply the Juices that make the Saliva; to wit,. 
the Parotides, and the Glandule Nuckiane, the 
ie iain M Glandule 
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Glandule Maxillares interna, and Sublinguales> 
Whereas if the Saliva were but one more fim- 
ple Liquor, a lefs number of Glands might 
have been fufficient. : At leaft there appears 
no Reafon why one of every Pair fhould. dif- 
embogue it felf into the Mouth fo very near 
to the Orifice, by which a Gland of fome.o- 
ther Pair throws in its Juice; and they are 
not rather all planted at more equal diftances 
from one another, fo to: flow in. upon every 
part of the Aliment at the fame time. ire 
Not that } fuppofe, as there are four Pair 
of falivatory Glands, fo there are four forts of 
Jnices fupply’d from them, to make the Sali- 
va; but, as I hinted before, that there are 
ouly two different Juices that conftitute it. 
And thefe are not only fufficient, but more 


-confifts, thefe muff all have their proper Quaz 
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two. 


about it from Experiments, I do think ‘one 


7 


ture. And it was for this Reafon, that I made 


4 


the, Experiment with Oil of ‘Turpentine and 


tion, I .mix’d fome Crums of Bread with it, 
red in the Oil of “Turpentine to 


aft to diffolve them. I 
Oe ee cannot 


166 Maifcellanet Curzofa. 
cannot deny but that an Acid, and a Solu- 
tion of Salt of Tartar, did diflolve fome part 
ofthe Elefh-meat, which I mix’d them with, | 
but yet neither fo foon nor fo perfectly as the 
two forementioned Oils. And I do the ra- 
ther think one of thofe Juices, which confti- 
tute the Saliva, to be of the Nature of Oil of 
Turpentine, than of a fix’d Salt, becaufe it 
will correct and temper even Oil of Vitriol, | 
{> as to render it more tolerable to the Fibres. 
of the Stomach. Not that I fuppofe the acid 
part of the Saliva to come near to the Acidity 
Of Oil of Vitriol. For tho’, when they are 
mix’d, they will make a Liquor that may not, 
be injurious to the Stomach; yet the acid 
Juice, if it were fo corrofive as Oil of Vitriol, 
Svould certainly be injurious and painful to. 
the falivatory Duéts, which convey it to the 
Mouth, before it is mix’d with the oleaginous: 
Liguor. But Lonly fay it is an Acid, and in 
fome degree approaches to the Nature of that 
Oj]. And Nature, which can much better 
adapt feveral Caufes for the Production of 
fach an Effed than Art, may. attain her End 
by amore temperate Acid, tho’, at the fame 
time, we may be able to make fome probable 
and true Conjectures about the Nature of thofe 
Caufes from Experiments. | aE 
It being moft reafonable to fuppofe, that 
there are but two forts of Juices, ofa different 
Quality, that make the Saliva,. 1 do conceives 
that four of the eight falivatory Glands, of 
two pair of the four, do fupply one of thefe 
uices, and.the other four Glands the other. 
“And this feems to be a very good Reafon, why 
they. are. fo lanted, and the Orifice of a 
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Dués fo order’d, that the Juice, which ts fup- 
ply by one Gland, is difcharg’d into the 
Mouth, very near to the Orifice, by which 
the Juice of a different Nature is tranfmitted 
from another, fo that they muft neceflarily 
yneet and mix together. Thus the Glandule 
Nuckiane, and Parotides, throw in two diffe- 
rent Juices by Orifices, which open into the 
Mouth very near to one another ; and the 
Glandule Maxillares interne, and Sublinguales, 
do below fupply the fame kind of Juices by 
Orifices, that open fo near to one another as 
to fecure the mixture of the two different 
Juices. 

-Thefe Glands, I fay, do between them af- 
ford two divers forts of Liquors, of fuch a 
Nature as are apt to ferment upon their firlt 
Mixture, but perhaps more confiderably when 
they come to be digefted by the Heat of the 
Stomach. Sothat the Colluctation, or Fer- 
mentation, which attenuates and concoédts the 
Food in the Stomach, does not ordinarily a-' 
rife between the Aliment and the Saliva, but . 
between the feveral Parts of the Saliva it felf. 
And indeed, if the Saliva did not confift of 
two Juices, whofe Nature isin fich a manner 
different, as to render them apt to ferment 
upon their mixture, it would be very hard to 
conceive how it fhould fo readily and indiffe- 
rently ferve for the Digeftion of all Batables; 
how it fhould ferment with, and diffolve fo 
great a Variety of things, not only of a diffe-: 
rent, but of a contrary Nature; how it fhould 
ferment with Acids as well as “Alkalies, digeit 
things thatare cold as well as hot or tempc- 
tate ; fome things that are falt, others that 
a M3 are 
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are infipid, bitter and fweet, mucilaginous, 
oily, @e. But if we fuppofe, that the Fer- 
mentation, which ferves for the Digeftion of 
the Food, arifes from a,peculiar difference in 
the Nature of two: Juices, which conftitute | 
the Saliva, it will be eafie to. give a rational - 
Account of our Concoétion of innumerable 
things of a different Nature.. And this feems_ 
to be as effectual, and a more certain way to 
attenuate and diffolve the groffer. Parts,of our - 
Food, thanif the Fermentation were: made 
only between the Saliva and the Aliment; Be-— 
fides; the Saliva, feems to difcover a Fermen- © 
tation upon the mixture of its conftituent 
Juices, even at thofe times when wevdo not 
actually eat ; for..it is. always..attended. with 
Bubbies, and. a Froth, when it has-not,. been 
at all agitated. in the. Mouth, and many; of - 
thofe Bubbles will remain for fome confidera<_ 
ble time after we have fpit it out. 4 
Nature therefore having appointed the Sa-_ 
liva for the digeftion of the Food, has taken 
care that it fhall be thrown:in upon the Ali- — 
--ment.on every fide. Thus the Glazdule.Nuc- 
kiane, and the Parotides, fupply their, Juices 
to that part of the Food, which. lies on the 
outfide of the. Gums, between the Cheeks and 
the Teeth, and the Glandule Maxillares inter . 
na, and Sublincuales, do beftow their Liquor, 
upon the Meat, which is within the Teeth — 
and Gums. “Neither, has. fhe had a: Regard i 
only to that Supply, which is due to all. the, y 
parts of our Food, but likewife to the mix=_ 
ture of the two different. Juices of the Saliva,” 
which is neceflary to its Fermentation. “And, 
therefore, as] have already. obferv’d, the O- 
rifices 
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‘tifices of the Duéts, which belong to one fort 
of Glands, are placed near the Aperture of a 
Dua; which conveys a Juice from one of the 
other Glands.” So the Duéts of the Glavdule 
Nuckiane, and the Duétus Stenonianz, do on 
each fide open into the Mouth, near one ano- 
ther ; and the falivatory Duéts of the Glandu- 
le Sublinguales, and the A¢axillares interna, tho” 
they have diftin Orifices, empty themfelves 
under the fame PapiWe; andthe Juices, which 
are fupply’d by them, meet there, and flow 
tito the Mouth tosethers?' <o 
The feveral Parts of the Saliva being dif- 
‘chare’d into the Mouth, in fuch a manner as 
‘to mect and begin a Fermentation, the Serve 
does, partly as it is agitated with the Food 
bythe Teeth, and fome other parts of the 
‘Mouth; partly by its own Fluidity infinuate 
it felf into, and mixes with the Food, and 
not only moiftens and foftens it, but excites 
the Fermentation, which ts to. diflolve it. - 
And when the Aliment is thus mix’d with the 
| Saliva, which ferves to ferment the ywhole 
| Mafs, it isthen to be convey’d into the Sto~ 
mach, that great digeftive Veflel of the Body, 
where the Fermentation is not only contina- 
ed but improved. . i aie 
_» The Nourifhment being conveyd into the 
| Cavity of the Stomach, is there kept for iome 
| time in a digeftive Heat, all which time it is 
under a Fermentation produc’d by the diffe- 
‘rent Parts or Juices of the Saliva, which are 
mixed with it; which Fermentation does firft 
ees the more tenuious or fubtil parts of 
the Food, and puts them into motion, and fo 
with the Fermentation of its own, and thofe. — 
: ME Sa Alimen- - 


170 ~=— Mifcellanea Curiofa. — 
_ Alimentary Parts, which it firft communix 
cates a motion to, improw’d by the Heat of — 
the Stomach, the Saliva muft neceflarily a& 
upon the groffer Parts. For the inteftine mo- 
tion, which is excited in the Mafs, does not — 
give the Particles, which are fermented, the 
fame Tendency, but what is fo various and 
confus'd, that they muft inevitably ftrike not 
only one again{ft another, but againft thofe 
which are more grofs,fo as to attenuate them, — 
fometimes. by a Collifion, which ftrikes off 
{maller Particles from the larger Parts; fome- 
times by a Compreffion, when the Particles 
which are in motion, happen to ftrike dire&@t-. 
ly againft any grofler Part, on every fide of 
it; fometimes by a kind of Explofion. For 
without doubt the Saliva, which is fluid, in- 
f{inuates it felf into the Interftices of the more 
crafs Parts of the Aliment, and whatever is a- _ 
gitated and expanded in thofe Interftices, re- 
quiring a larger fpace for the Freedom of its 
motion, and offering a Violence to every 
thing that oppofes its Tendency, will, like 
Gunpowder included in a Sheil, force its way 
out, and tear to pieces that Matter, which 
does endeavour to confine it. 

_ Thus the groffer Parts are broken and. 
divided, until they are at laft fo far attenu-~ 
ated as to mix more equally with the Fluid, 
and with them to make one Pulp or Chylous 
Mafs. And although I do not apprehend: 
how the Stomach fhould by its reciprocal 
motions in Infpiration and Expiration, be— 
able to break and attenuate any Matter, 
that will not he foften’d and diffolv’d by: 
Agitation in a Liquid 5 yet it is certain that 
ea NEEL! sane thefe 


Mifcellanea Curiofa. = 9X 
thefe motions, caufed by the Diaphragm 
and Abdominal Mufcles in Refpiration, do 
make thofe Parts, which are broken off, as 
they are diflolv’d, mix intimately with the 
more liquid; as the Meat which I digefted 
with Oilof Turpentine, and Oil of Vitriol, » 
did by agitation mix more equally with 
the Oils, and became a Pulpament. 

Asthe Juices, which conftitute the Saliva, 
do ferment upon their mixture, fo it is pro- 
bable, that from their Mixture and Fer- 
mentation there refults fucha Tertium quid, 
as is apt to ferment with the Bile. And 
therefore, when the Aliment has been under 
the Fermentation, excited by the Saliva, a 
fafficient time, it is then thrown into the 
Duodenum, where it meets with the bilious 
Juice, which flows into that Inteltine from 
the Liver, from which a new Fermentation 
feems to begin; and the Commotion of the 


Parts of the Aliment being ftill continued, 


does carry on the Bufinefs of Digeftion until 


the Food is perfectly concocted: ‘Tho’ it is 


probable, that this new Fermentation ferves 
not only for the more perfedt Digeftion of 
the Food, but likewife for the Separation 

of the Chyle from the feculent Parts. 
Neither do I by a random Guefs, and an 
ungrounded Conjeture , fuppofe that from 
the Mixture and Fermentation of the two 
Juices, which conftitute the Saliva , there 
refults a Matter, which is apt to ferment 
with the Bile. But to me the Notion feem’d 
to be confirm’d by aft Experiment that I made. 
For confidering with my felf, that the Bile © 
is generally allow’d to have much of a fapo- 
nary 
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nary Nature, I made a Solution of Soap in | 
fair Water, and mix’d it with the Oils of e 
Turpentine and, Vitriol. firft put together, — 
and from their/Mixture I obfery’d 4 very €a- 
fie. and gentle Fermentation, which conti-. 

nued for a confiderable time. we . 
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A Difcourfe concerning fome: Influ- 
ence of Refpiration ‘on the Mo-— 
tion of the Heart, bitberto unod- 
ferved. By J. Drake, M. D. 
rH O°? divers accurate Treatifes’ of the 
Heart, and its AGion, have been writ- 


ten by Learned Men of feveral Nations, efpe- 
- cially by two of our own Country; the Great 


Dr. Harvey, to whofe happy Sagacity: this 


‘Nation owes: the Glory of. the Invention of 
“the Circulation of the Blood; and ‘the:incom- . 


parable Dr. Lower, to whom we are behold- 


ing for acompleat difplay of the Afechanical 


Struture of the Heart, and a moft ingenious 
Rationale of its’: Action... Yet there remain 
feveral doubts and difficulties about it Can my. 
Opinion) not fufficiently: accounted: for, toe 
watds the refolying fome of which, bthall 


offer what my own Thoughts have fuggefted 


tome, and leave it to the Confideration of 
the Reader. : AO sie 

The Learned Dr. Lower (whofe accurate 
Piece on this Argument will infure his Repu- 


tation fo long as Phyfical Knowledge thall daft 


in efteem) has fo well accounted for. the Sy 
ftole, or Contraétion of the Heart from the 
Mechanical Structure of it, that he feems al- 
moft to have exhaufted the Subjet; and had 

ae 
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he been as happy in difcovering the true caufe — 
of the Diaffole, he had left little room for © 
the Induftry and Sagacity of others about this 
~’ But having judicioufly and folidly explain’d — 
' the Sy/fole, he contents himfelf to afcribe the — 
Diaftole toa motion of Reftitution, which Ac- — 
count gives me no fatisfaction: Becaufe the © 
Syftole being the proper, and (as himfelfcon- — 
fefles) the only motion of the Heart, a-ftate - 
of Contrattion feems to be the natural ftate, 
and confequently without external violence, 
it fhou’d have no Diajtole at all. | 
This will appear more plain, if we confider — 
the Circumftances of it, and its motion; as a 
Mufcle, with refpe& to other Mufcles.. That 
Contraction is the proper Aion, and State 
of all Mufcles, is evident from Experience o 
Fact, as wellas Reafon. For, if any Mufcle 
be freed from the power of its Awstagonift, it 
is immediately comtratted, and is not by any 
Adtion of the Will, or Spirits, to be reduced 
to a ftate of Dilatation. Thus, if the Mufeuli 
Flexores of any Joint be divided, the Extenfores 
of that Joint being by that means free’d from 
the contrary Action of their Avragonifts, that 
Joint is immediately extended without any 
confent of the Will, and in that ftate it re- 
mains; and fo Vice verfa, if the Extenfores be 
divided. From whence it is plain, that the 
Mutcles have no reftitutive motion, but what 
they derive from the Adtion of their Azrago-' 
_nifts by which they are balanced. Thus like- 
wife the Spinéters of the Gula, Anus and 
Vefica, having no proper Antagovifts, are al- 
ways ina ftate of Contraction, and fuffer no= 
"thing 
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thing to pals "em, but what is forced thro? — 
em by the contrary Action of fome ftronger 
aakcles, which, tho’ not properly to be cal- 


led Antavonifts, yet on all neceflary Occafions 


perform the Office of fache, cae. 
~ That the Heart is a Mufcle, furnifh’d and . 


inftru@ted for motion like other Mufcles, is 


(in my Opinion at leaft) demonftrated be- 
yond contradiction by Dr. Lower and others. 
And, asit is a Solitary Mufcle without any 
proper Axtagomf?, and not directly under the 
power of the Will, nor exercifing Voluntary 
motion, it approaches neareft to the Sphintter 
kind, which only has thefe Conditions in 
common with it. But in conftant and regu- 
lar Alternations of Contraction and Dilation, 
it differs exceedingly from all the Mufcles of | 
the Body. ree 
This reciprocal -Aifius of the Heart has gi- 
ven the Learned abundance of trouble; who, 
finding nothing peculiar in the Structure , 


which fhow’d neceffarily occafion it, nor any 


Antagonift, whofe re-action fhould produce it, 
have been extreamly perplext to find out the 
caufe of it. ® 

~ But pafling over the various Opinions of 
Authors, toavoid being tedious, I fhall take 
notice here only of the very Learned Dr. Low- 
ey’s, in whofe Account of the Sy/tole, however 
folid and ingenious, I obferve fomething defi- 
cient, and whofe Hyporhefis of the Diaftole I 
think to be precarious and falfe. ae 
This excellent Author, having by. found 
Arguments drawn from the Struéture and 
Mechanifm of the Heart, eftablifht the Cer- 
tainty of its Mufcular Motion, refts fatisfied, 

| Pam ie with 
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out taking notice of any Affiftance, that the Bs 
Heart receives from any other Part, except — 
from the Brain, by the means of the eighth — 
Pate OP NCE ter a et ee 
The Accurate Borellwsin: his Oecos — 


Part. Bde: noma” Animalis, computes, the ALo- 


a ae tive Power of. the Machine of the 
~~ "Heart to be equal to,or to furmount i 


that of a Weight of 3000 /. The Obftacles to — 
the motion of the Blood thro’ the Arteries he — 
effeems equivalent to 180,900 which is 69 
times as much’ ashe rate’ the Force of the — 


Ffeart at. Then dedudting 45,000 /. for, the 

adventitious Help of the Adufcular Elaftick Coat 

of the Arteries, he leaves the Heart with a 

{*.. Force of 3,0001. to overcomea re- _ 

Prope 76-' ~ fiftance of 135,000 /. that is, with — 
T to remove* 4s. © Gt ae 


“!SThis ftupendous Effet he contents himfelf 
#0‘afcribe to the Energy of Percuffion. But, 
dad'he proceeded in his Calculation to the 
Veins, which he allows to contain conftantly — 
a quantity. of Blood, quadruple, to the Con-’ 
tehts of the Arteries, and to ‘which this Ezer= 
Sy of Percuffion does either not reach at alj,. or 
‘but'very Janguidly, he. might probably have 


Feen a néceflity for fome other Expédient to 
remove fo infuperable a difficulty, 
“~~ But not to infift rigoroufly on the exa@taefs 
of this Calculation (tho’ the great Abilities 
of ‘the Author in this way, and his Ingenuity 
and Modefty, are a fufficient ‘Warrant for 
he “accuracy of his Computations, and the 
fidelity of his Accounts) we may allow a much 
Bs Nae Deduction, than would. be juftifiable, 
without ‘leffening the difficulty. © But this ac- 
Mei count 
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count I have taken notice of purely for the 
fake of the Calculation, which may be of ufe 
in the Sequel, the account it felf being in o- 
ther refpects more defective than Dr. Lower’s, 
fo witch we will return. PF IY ere 

The Doéor, notwithftanding his great Sa- 
-gacity, appears (to me) to have overlook’d 
fomething of very great moment, and impot- 
tance in the explication of the Action of the 
‘Heart.. For, tho’ it fhould be granted, that 
the u/fcular Fibres of the Heart aéted by the 
‘Nerves, are the immediate Inftruments of its 
-Conftrittion or Sy/ftole , yet it muft not ‘be de- 
nied, that the Jntercoffal Mufcles and Dia 
phragm are of great fervice to aid and facili- 
tate this Contraction, by opening a Paflage 
for the Blood thro’ the Lungs, which denied 
_.wou'd be an invincible‘Obftacle. in tae 
Neither do they promote it that way only. 
--The manner how they farther affift the Heart 
in its Contraction, will appear manifeftly, if 
we confider the different Pofture, Situation, 
and Capacity of the Blood-Veffels of the Lungs 
in the feveral times'of Elevation and Depreffion 
of the Cofte. SUF e938 S Vion DAs 
«<The Pulmonary Artery rifes from the right 

Ventricle of the Heart,and runs in one Trunk, 
-*tillit comes to the A/pera Arteria, where it is 
divided, and fends a Branch along with each 
Divifion of the Afpera Arteria, according to 
| all the minuteft’ Subdivifions; of which it is 
likewife fubdivided:,' accompanying all the 
| Bronchi, in their whole progrefs through’ the 
Jamgs.. 61) 3 ets VIO OR. 

‘The Pulmonary.Vein, which empties it felf 
into the Left Ventricle of the Heart, fpreads 
DUG it 
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it felf on the Afpera Arteria and Bronch:, ina 
the fame manner that the Artery docs. 
The neceflary confequence of this Difpofi-- 
tion is, that. this Artery and Vein being co-- 
extended with, and faften’d to the Bronchi,, 
amuft needs fuffer fuch alteration of Superficial! 
Dimenfions, as the Brozchi do in the Elevation: 
or Depreffion of the Cofta. | a 
“While the Ribs are in a ftate of Depreffion: 
(whether before Commerce with the external 
‘Air or after) the Annular. Cartilages of the 
Bronchi. fhrink one into another, and by that 
means their Dimenfions. ave exceedingly con~ 
traéted. In conformity to this condition of 
the. Bronchi, the Pulmonary Artery and Vein 
mutt likewife, either by means of their Muf= 
cular ‘Coats contrat themfelves to the fame 
Dimenfions, or lye in Folds or Corrugations, 
which is lefs probable. | 
_. On the other hand, when the Ribs are ele- 
‘yated, and the Diaphragm bears downward, 
“the Air rufhing into the Lungs, fhoots out 
the, Cartilaginaus Rings, and divaricates the 
Branches of the Trachez, and by them extends 
and divaricates the feveral Divifions:of the 
Pulmonary, Artery and Veins, and thereby 
lengthens and enlarges their Cavities. , 7 
This enlargement of their Cavities is very 
confiderable, not only upon the fcore of the 
addition,, which they receive in length there- 
by, butalfo upon the account of their Divari 
cation. For whereas, when the Ribs are de- 
preft, and the Lungs fubfide, the Blood-Vef- 
{els are not only contracted, (as 1 have alrea+ 
dy obferv’d). but their Branches, which are 
exceeding numerous, approach one anarieg 
eathe and. 


* i 
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and lie in juxta-pofition, by which their Ca- 
vities are very much comprefs’d_ and ftreight- 


ned: When the Ribs are elevated, and 408 
Lungs turgid with Air, not only the Fibres, | 


‘by which their Coats in the oppolite ftate were 
contracted, are extended; but thofe innume- 


‘rable Veffels, which lying before in lines al- . 


moft parallel upon one another, comprefs’d 
one another, making an acute Angle at their 
Junctures, are divaricated and feparated from 
each other, and make an obtufe, whereby theit 
Chanels are widen’d. Ah 

Thus a paflage is open’d to the Blood, from 
the Right Ventricle of the Heart to the Left, 
thro’ the Lungs, to which it cou’d not other- 
wife pafs; and the oppofition, which the 
Blood contain’d in that Ventricle, muft other 
wife neceflarily have made to its Conftriction, 
Is taken off, and the Syjfole thereby facili- 
tated. ise te : re 
Nor is that all. For the Diajfole being 
caus’d (as fhall in the Sequel fhew) by the 
force of the Blood rufhing into the Ventricles, 
this Ampliation aad Extenfion of the Pulino= 
nary Artery is a fort of Check or Counterpoife 
to it, and prevents an endeavour towards two 


contrary AGions at once, which muft necef- 


farily fruftrate both. For the Heart being a 
Springy,Compreffible Body,whofe proper Action, 
which is Contraéion, depends on the influx 
of certain Fluids igto its Fibres, or Subftance ; 
and containing befides a Fluid in its Ventri 
eles, or great Cavities, in one of which is the 
Mouth of this Artery, the action of this Vet. 
fel muft in great mealiire refemble that of a 


Syringe, whofe extremity is immers’d in Wa- 
a : 


ter, 


ss Bo 
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ter, the Enlargement or Expanfion of the 44 
Chanels of the Artery anfwering the drawing — 
of the Embolum, as the conftriGtive motion ~ 
of the Mufcle of the Heart does the preffure — 
of the Atmofphere upon the Surface of the Wa- 
ter, the one making way for the fluid, and ‘J 
"the other forcing it to follow, where the re- ‘ag 
fiftance is. leait. In this fenfe we may allow ~ 
a fort of Attra@tion to the Pulmonary-Artery, 
depending wholly upon the A4tion of the, In- 
tercoftal Mufcles and Diaphragm, which we § 
mutt therefore confefs to be very ferviceable 4 
and inftrumental in promoting the Syftole of — 
the Heart. | a 
~ But if the Learned Author be deficient in — 
his account of the Sy/fole; that is, if he has — 
not obferv’d all the Mechanifin and Contri- — 
vance of Nature for the Contra@ion of the — 
Heart ; much lefs fufficiently has he accoun- — 
ted for the Diajtole, or Dilatation of it, which 
: 

‘| 


ey, 


ae 


‘ 


he afcribes to a motion of Reftitution of the — 
over-{train’d Fibres, which yet he confeffes are 
made for Conjtritiion only. °Tis true, he im- — 
mediately after joins the Influx of the Blood as — 
a concurrent caufe; but from the flight no- — 
tice that he takes of it, "tis plain, that he did ~ 
not fo much as dream of any great fhare it had — 
in that action. His words are thefe: 4 

Quin & (ut obiter hoc moneans) CunE 
De Corde, omnis motus contrattione perficratur., Co 
Pag. 75. Cordis Fibre ad conftricivonem re 


: fatke fint, apparet quoque Cordis mam 

tum totum ia Syltole pofitum effe , cums Fibra 
ultra tonum fuum in omni conjftrittione ejus ten=~ 
dantur, idcivco ubi minus ifte abfoluitur, moth 
guafs reftitutionis Cor iterum relaxatur, er fan= 
) | guine 
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guinea Venis influente rur/us diftenditur + anul- 
loenim cords motu, nifi tenfionem fuam remit- — 
tente, ,&.ab irruente fanguine Diaftole ejus lie. 


bratis adeo viribus fuccedit... 


- Say 


_ have tranfcribed the intire. Paragraph, be- 


canfe, it contains his whole. Hypothesis of the 
Diaftole, and all the notice that he takes of it 
thro’ his whole Work. But how flender foe- 


_ ver this may prove, it is the moft fubftantial 


that Ihave any where met, with, except a late 
one, of Mr..Cowper,, whichis properly an Im= 
provement,of this, and fhall .be confidered in 
the Sequel. || : less 
_ But, if Contraéion. be the fole AGion of 
thefe Fibres (as this Great Man confefles it 
to be) and asindeed.it is of all Afufcular Fis 
bres, I wonder how -fo judicious a Writer 
came to flip,.into-fuch an abfurdity, as to call 
their Diftention ( vulgarly but improperly 
called Relaxation) a Motion of Reftitution. 


For from the- Nature of thofe Fibres, and 
their difpofition in the Stru@ure of the Heart, 
the natural State of .the Heart appears mani- 


feftly to be Towical, and its Dilatation a State 


Of Violence; and confequently, the Conftri- 
| chon is the trve motion of Reftitution, and the 
| State to which it will /pontaneoufly return, 


when the Force is taken off, which is the 
work of the Jntercoffal Mufcles and Dia 


| phragm. 


Thus we are left {till to feek for the true 


- canfe of the Diaftole, which feems to me to be 
the main and moft difficult Phenomenon, re-= 


lating to the Heart and the Circulation of the 
Blood. Butin Mr. Cowper’s ingenious Ivtro~. 
duction to his Anatomy of Humane Bodies, I 

NA fad 
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find the Share which Dr. Lower hints the 
Blood to have in that Action, further profe- 
cuted, and improv’d into the main Inftru- 


ment of the Dilatation of the Heart, where- — 


in I agree intirély with him. But as to the 
manner, and reafons of its being fo very in- 


ftrumental , I can’t be fo perfectly of his — 


mind. 


The Heart (fays this accurate Anatomift) of . 
an Animal bears a great Analogy to the Pendu- — 
lums of thofe Artificial Automata, Clocks and — 


Watches, whilft its motion is performed like that 
of other Afufcles, the Blood doing the Office of 4 
Pondus. j | 


This Explication, being but a Simile with- 


out a diftin@® application to Particulars, is 
befide fo very fhort, that I can at beft but 
give a conjecture at the meaning, which if I 
miftake, I fhall deferve to be excufed, and ex- 
peé to be better inform’d. 

By the Blooa’s doing the Office ofa Pondus, 
I fuppofe he means, that the Blood contri- 
butes in the fame manner to the motion of the 
Heart, as the Wezghts ‘do to that of the Pen- 
dulum of a Clock, If fo, the Blood, according 
to him, mut be the Inftrument of Conftrittion 5 


Pt 
ae Pe all 


and Dilatation malt be the! Natural State, or 


Spontaneous Motion, to which it woud, when 


under no violence, return , the contrary of | 
which, I prefume, will appear ere I have — 


done. 
- Butifhe means, that the Blood in its reflux, 


~ 
7 


by gravitating on the Auricles and Ventriclesy 


dilates and expands ’em, acting therein asa 


Courterpoife to its contractions as a Mufcle, F - 


coud with his Defign had not bound him up 


to. 
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to fo narrow a compafs, and that he had given. 
us.an explication at large of fo abftrufe and 
fo important a Phenomenon : Becaufe the Spe-, 
cifitk, Gravity of the Blood feems to me a 
caufe by no means alone adequate to the ef- 
fect, whichit is here fuppos’d to produce. 
For, if the Blood adts only as a meight by 
meer gravitation, then that part of it only 
which defcends from the Parts above the 
Heart can. be employ’d in that A@tion. This 
at the largeft computation can’t amount to 
Five pound. weight, and muft, according to 
the computation of Borellus, forcea Machine, 
that is able to overcome a refiftance of 
135,000 /. Ileave every.man to dedu& what 
he fhall upon examination find reafonably to 
be deducted, and yet fhall reft fecure, that it 
is not to be effected in the leaft with fo fimall a ~ 
Weight. 7 
But neither does the Refluent Blood gravi- 
tate in any fuch proportion, as I have here 
aflign’d. For to make a true eftimate of its 
- Gravitation, we mult confider the Circumftan- 
ces of the Liquor fuppos’d to gravitate; in 
which it very much refembles Water inclos’d 
inarecurve Tube, of which, if the length of 
the two Legs be equal, it may be fufpended 
in the Air full of Water, with the Extremi- 
ties downwards, without lofing a drop, al- 
tho’ the Diameter of thofe Legs fhowd be ve- 
ry unequal. The Cafe of the Arteries and 
Veins 1S pretty near a parallel to a Tube, fo 
| fi’d and inverted. For, if the Arteries and 
Veins be continued Tubes, (as by the Micro- 
fcope they are made to appear ) then fup- 
poling their contents to have no other deter- 
N 3 — wuination 
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mination of motion, than their own weight 
woud give them, the contain’d Fluids 
muft be connterpoifes to each other. ‘For the 


; 


‘ 
i 
we 

4 


Veins and ‘Arteries being join’d at the fmal- — 


t 
a 


53 


ler Extremetics, and the larger of both ter- — 


minating in thé {ame parallel Line, it is im-, — | 


poflible, according to the Laws of Hydrofta- 
ticks, that the contents of either fhou’d over- 
balance t?other. . How far then muff it fall 


4 


’ 


fhort. of forcing the natural Power and Refi- — 


{tance of fo ftrong a Mufele as the Heart, by 

Weer Gtavicgivs po ey eS 
The’ Blood indeed Has a Progreffive Motion 

thro’ its Veflels, wherein it differs. from Wa- 


ter, ina recurve Tube, in the Experiment — 


above-ftatéd. “But, ifthe. natural Gravita~- 
tion of the Blood contributes. nothing to the 
Dilatation of the Heart, this progreflive mo-. 
tion will not'be found much more’ fafficient. 
For, as this motion is deriv’d intirely from 
tle Heart’s ConftriGion (as all accounts hi- 
therto derive it) cou’d the Blood be fuppos’d 
to re-a& upon the Heart, with all the force 
firft imprefs’d upon it by the Heart, it woud. 
be infufficient , unlef$ we. will fuppofe. the 


Force communicated to be fuperiour to the Pow- — 


er Communicant, whichis abfurd. |. 
But when the juft and neceflary Deductions 
for the Impediments, which the Blood meets 


with in its Progtefs thro” the’ Veflels fhall. be — 


made, the remaining Force wil be found fo in, 
exceeding weak, that to prop the Blood thro’ 


the Veins may be a task alone too great for — 
fo fmall a Power, without charging it with ~ 


the additional difficulty of forcing the Muicle 
of the Heart. . 


Alphonfus 


; 
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-Alphonfus Borellus, after a great deal of fo- 
lemn pains taken to fhew his care and exatt- 
nefs, and to poflefs his Reader of the truth of 
his Calculations, cafts up the force of the 
Heart, and the Afufeular Coat of the Arte- 
ries, to be together equal to a weight of 
3,750 1. and allots ’em a Refiftance equal to 
780,000 /. to overcome which is 45 to 1. To 
make up for a difproportion, by his own con- 
feffion, incredible to thofe who have not con- 
fidered the matter as he had done, he flings 
into the Scale the additional Force of Pereuffion, 
which he leaves indefinite, and thinks fufi- 
poles to force any quiefcent finite Refiftance what= 

0EVEr. 

- But as this Account and Hypothesis are part 
ofa Pofthumous Work (ifa liberty of Conje- 
Gure may be allow’d in fo uncértain a matter,) 
} fhow’d fufpee, that thefe Papers were left 
-unfinifh’d by Borellus, or at leaft, that in ma- 
ny places the laft hand was never put to ’eme 
For neither in this Place, nor any other of 
this Work, does he account for any more 
than the Sy/tole of the Heart, and the refift- 
ance which is made to the progreflive motion 
of the Blood in the Arteries only. This alone 
he found to exceed the Power of the Heart fo 
prodigioufly, that he feems to fhuffle it off his 
Hands with a general and precarious Solu 
tion, as a difficulty that he was defirous to be 
rid of. For, having afcrib’d this /fupendous 
(as he himfelf calls it) effet to the Exergy of 
Percuffion, he takes no care to fatifie his Rea- 
der any farther about it, or to refer him, or 
give him the expectation of fatisfaction any 
where elfe ; altho’ he has an exprels Treatife 
on the Force of Percuffion, which was written 

N. 4o prepara- 
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preparatory to this, and to which he frequent- _ 
ly refers in other Places of this Work. But — 
what confirms my fufpicion, that this part 
was intended fora farther Revife by the Au- 
thor, is, that he has left the Progrefs of the — 
Blood thro’ the Veins, and the Diaffole of the — 
Heart, abfolutely untouch’d, tho’ they are 
difficulties ofa much greater magnitude than — 
this, which he has attempted to account fo 
flightly for: For,-in thefe he is excluded thé — 
benefit of Percuffion, and has yet a greater re- | 
fiftance to overcome without it. Omiffions of 
this kind are fo unufual with this Author, 
where-ever he knows himfelf to go upon fure — 
grounds, that itis to me an Argument,. that i 
he doubted the fufficience of his Percuffion,and — 
referv’d thefe important Phexomena for farther _ 
confideration, without plunging himfelf into — 
fuch an Abfurdity, as to aferibe to Percuffion 
any fuch Exergy as to be able (fo broken as it 
returns to the Heart). by its re-aGtion to force 
that Power, from whence only it was at firft 
deriv’d. | 

‘Dr. Lower, and Mr. Comper, deliver their 
Opinions of the Caufe of the Dilatation‘of the 
Heart fo very fhort, and without any Argu- 
‘ments to fupport ’em, that by expofing ’em 
naked, they feem rather to difcourfe of it 
tranfiently, as men obliged by the nature of — 
their Subjects to fay fomething of it, than — 
folicitous to give any full or fatisfa@tory Ac- 
count ; and therefore I fhall proceed iio far- 
ther upon ’em here. — | : 

But tho’ the /’ypothefis of Bovellus may, in 
this cafe, be found precarious or infufficieat 
(a misfortune that has befallen him in pare 

other 


Mifcellanea Curiofa. 187 
other Particulars) his Theory holds {till good.’ 
At leaft it ought to be allowed, in juftice to’ 
his great ‘Abilities and Exattnefs, “till fome 
body convicts him of fome material Error in 
his Calculations, which has not as yet been 
done by any body, that I know of. ? 
.. Suppofing then the force of the Heart, and: 
of the Mufcular Coat of the Arteries, as like- 
wife of the refiftance, which they muft over- 
come, to be computed with any degree of 
accuracy, there remains yet fuch a prodigious 
_difproportion to be accounted for, as requires: 
fome more powerful Agent, than any yet af- 
fign’d, to make up the deficiency: S 
. What affiftance the Heart receives from the 
ation of the Thorax towards the facilitating 
its contraction, without which affiftance there 
coud have been no Syffole, has been already 
fhewn. But neither the Zutercoftal Mufcles, 
or Diaphragm, which are fo inftrumental in 
that part of its adion, can contribute any 
thing to the Diaftole; becaufe they.ferve only 
to enlarge the cavity of the Therzx, and there-. 
by to opena paflage to the Blood from. the 
Heart, and promote its Conftriction.) > |" 

Whatever therefore the force is, that di- 
lates the Heart, and is the caufe of the Di- 
- aftole, it muft be equal to that of the Heart, 
the Intercoftal Mufcles and Diaphragm 4 to all’ 
_ whichit acts asan Antagonift. 1 take no no- 
tice of the Serratus Adajor Anticus, and other: 
Mufcles; which have an obfcure fhare in the 
Elevation of the Coffe, becaufe as much may 
reafonably be dedn@ed upon the account of 
the. Obliquus externus Abdominis, and other 
Mufcles ; which having their Infertions on 
fome of the lower Aibs, are as inftrumental 

towards 
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towards the Depreffion of ’em, and fo balance — 
the Account. But the chief ufe of thefeisin — 
violént Réfpiration: In ordinary Refpiration 
their fhare is {mall. er ti ti a | . 

. Such areal Power (which may jn the Teaft. 
be fufpected of any fhare in) this Action) is _ 
hard, perhaps impoffible to be found in the 
Machine of any Animal Body; and yet with- 
out fome fuch Antagonift, it is as impoflible 
the Circulation of the Blood fhou’d be main- 
tain’d. All the Engines yet difcover’d within 
the Body, confpire towards the Conjtrittion of 
the Heart, which is the State of Quie/cence,to 
which it naturally tends... Yet-we find it al- 
ternately in a State of Violence, that is, of Di- 
latation ; andthis upon neceflity, becaufe upon 
this Alterzation depends all Animal Life. 

» Some fufficient Caufe external muft there- 
fore be found, to produce this great Phenome- 
non; which Caufe muft be either in the dir, _ 
“or Atmo/[phere, becaufe we have no conftant 
and immediate Commerce-with any other Az- 
diums. e ok yp od] pin 

-Some great Phyficians: obferving this, and 
that depriv’d by whatfoever means of Com- 
munication with the external Air, we became 
inftantly extinct, have imagin‘d, that in the 
A& of Infpiration certain purer parts of the 
Air mixed with:the Blood in the Lungs, and. 
was convey’d with it to the Heart, where it 
nourifh’d a fort of Vital Flame, which. was the: 
caufe of this: reciprocal e#iffus of the Heart. 
Others not quite fo grofs, rejecting an Atual 
Flame, have fancied that thefe fine Parts of — 
Air mixing, with the: Blood in the Ventricles 
of the:Heart,: produc’d an Effervefcence which 
dilated it.’ But-thele Fancies have been ines 

ome nee 
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fince exploded and condemn’d upon ample. 
Conviction; and’tis a Point yet undetermin’d,, 
whether any Air does mix with the Blood, at: 
all in the Ltungs,.or mots 1) chicos or cove? 

_ But fuppofing,that fomeAir may infinuate it. 
felfiato the Pulmonary Vein, it can no other 
way dilate the Heart than by an Effervefcence 
inthe Left Ventricle, which woud not dilate 
the Right. . But this Opinion is contradicted. 
hy Autopfie, and too laborioufly ,confuted_ by. 
others, to be brought upon the Stage again 
RELG oe ass i ioe pe ne 

‘There remains therefore only the grofs Bo- 
dy of the Atmofphere to be confidered, which 
is undoubtedly the true Antagonift to all thofe. 
Mufcles, which ferve for ordinary Infpira- 
‘tion, and the Conftridion of the Heart. This 
will appear more evidently, if we confider not 

only the power, but the neceflity of its Action 
upon -Azimal Bodies, as well as the want of 
other fufficient Agents. | 

The Heart is a Solitary Mufcle of very. 

great ftrength, and the Jutercoftal Mufcles and. 
Diaphragm, which likewife have no Aatago- 
nifts, area vaft additional Force, which mult 
be balane’d by the contrary Action of fome-e- 
quivalent Power or other. For, tho’ the 
Aion of the Jntercoffal Mufcles be voluntary, 
that does not exempt ’em from the condition: 
of all other Mutfcles ferving for voluntary mo- 
tion, which wou’d-be in a State of perpetual 
Contra@tion, notwithftanding any Influence of 
the Will, were it not for the libration of -Az- 
tagonift Mufcles. This libration between o- 
ther Mufcles, is anfwer’d bythe Weighe of the 
incumbent Atmofphere, which prefics upon- 
the Thorax and other parts of the Body. And, 

as 
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as in all other voluntary motions the influence 
of the Willonly gives a prevalence to one of 
it two Powers before equilibrated, fo here it ” 
ferves to enable thofe Mufcles to lift up a 
weight too ponderous for their ftrength not. 
fo affifted ; and therefore as foon as that aft 
fiftance is withdrawn, the Coffe are again de-_ 
prefsd by the meer Gravitation of the Ar- 
mofphere, which wouw’d otherwife remain ele- : 
vated thro’ the natural Tendency of thofe 
Mufcles to contraétion. Ss | 

This is evidently prov’d from the Torrice/- 
lian Experiments, and thofe made upon Ani- — 
mals in Mr. Boyle’s Engine ; where, as foon — 
as the Air is withdrawn, and the preffure 
thereby taken off,’ the Intercoftal Mufcles and. 
Diaphragm are’ contracted, and the Rrbs éle-- 
vated in an inftant, and can’t by any power 
of the Will be made to fubfide; till the Air is 
again let in to bear ’em forcibly down. 

It were fcarce worth while to take notice 
here of a Miftake of the Learned Dr. Willis, 
were it not for the. great Authority of the 
Man, which is almoft fuificient to keep Er- 

‘ror in countenace. The Do- 

De Refpirationss Ctor having obferv’d, that the 

Organis S Ufus Fibres of the Exterzal and Jn- 

, ternal Intercoftal Mufcles ran 
in a contrary order, as it were, decuflating 
each other, takes occafion from thence to fan- 
fie, that there was an oppofition in their Of — 
fice; and that as the External ferv’d to raife 
upthe Ribs, the Jzterval drew ’em down a- 
gain, forgetting at that time, That, when a 
contractile Body is faften’d at the feveral ends 
to Points unequally moveable, let the Con- 
. tra@ion happen inwhat part or manner foe- 
ver 
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ver, the more moveable Point muft be drawn 
towards the lefs moveable: By which Rule, 
whether External or Internal Intercoftals be 
contracted, the lower Ribs willbe fore’d to 
approach the upper, that is, be raisdup. 

‘Asin the Elevation of the Coffe, the Blood, 
py the paflage that is open’d for it, is in a 
manner folicited into the Lungs,; fo in the 
Depreffion of ‘em, by the fubfidence of the 
‘Lungs, and the contraGtion of the Blood-Vef- 
fels, both which are confequent thereof, the 
“Blood is forcibly driven, as it were with, an 
‘Embolum, thro’ the Pulmonary Vein into the 
‘Left Ventricle ‘of the Heart. And this, to-- 
‘gether with the geveral Compreffion of the Body 
by the weieht of the -Armofphere, which fur- 
rounds and preffes upon, the whole Surface of 
it, isthat Power which caufes the Blood to 
mount in the Veins, after the force impre{s’ 
‘upon it by the Heart is broken and fpent,and 
which is fufficient to force the Heart from its 
‘natural State to Dilatation. | 
He that is able to compute the weight of a 
Column of Air, equal to the Surface of the 
whole Body, wi'l readily grant it a power fuf- 
ficient for the Effects, which are here afcrib’d 
-toit. And when he confiders, that the Bo- 
dies of Animals are compreflible Machines, | 
he will find that it muft of neceffity affeé 
them in the manner here laid down. But tho? 
our Bodies be entirely compos’d of Tubuli, or 
- Veflels fild ’with Fluids; yet this preffure, 
_ how great foever, being equal, cou’d have no 
effect upon ’em, 1f the fuperficial Dimenfions 
were not eafily variable; becaufe being com- 
prefs'd on all parts with the fame degree of 
Force, the containd Fluids cou’d not any 


tala where 
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“where begin to recede, and make way for the 
-reft to follow, but wou’d remain as fix’d and 

immoveable as if they were actually folid. 
‘But by the Dilatation of the Thorax, room is 
made for the Fluids to move, and by the Co- 
arcation of it frefh motion is impreft, which 
‘is the ‘main Spring whereby the Circulation is 
fet and kept going. | 

‘This reciprocal Dilatation and Contra@ion 
of the fuperficial Dimenfions of the Body, 
feems fo neceéflary to Animal Life, that there 
‘is not any Animal fo imperfect as to want it, 
‘at leaft none to the inward Structure, of which 
our Anatomical Difcoveries have yet reach’d. 

Por, tho’ moft kinds of Fifh and Jnfeds, wants 
both moveable Ribs and Lungs, and confe- 
‘quently have no dilatable Thorax, yet that 
want is made-up to’em by an Axzalocous Me- 
chanifn, anfwering fufficiently the Neceflities 
‘Of ticie Life.) - yore fas 

~- Thofe Fifhes which have no Lungs, have 

Gills, which do the Office of Lungs, receiving 
and.expelling alternately the Water, where- 
by the Blood-Veffels fuffer the fame.alteration 

of Dimenfions, that they do in the Lungs of 

more perfect, Animals. eee | 
~The Lungs or Air-Veffels of Infets, are yet 

exceedingly more different in Structure, Di- 
ftribution, and Situation from thofe of perfe& 

Animals, than thofe of Fifhes are, and yet in 

their Ufe and Action agree perfectly with 

both; that is, recerving and expelling the Air, 
and varying the Dimenfions and Capacities of 
the Blood-Veffels. Thefe having no Thorax, or 
feparate Cavity for the Heart and Air-Vef- 
fels; have the latter diftributed thro’ the 
whole Trunk of their “Bodies, by which they 
was communicate 
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communicate with the External Air through 
‘feveral Spiracula or Vent-holes, to which are 
£aften’d fo many little Trachee, or Wind-pipes, 
which thence fend their Branches to all the 
Mulfcles and Vifcera, and feem to accompany 
the Blood-Veflels all over the Body, as they 
do in the Lungs only of perfe& Animals: By 
this difpofition in every Jn/piration, the whole 
Body of thefe little Animals is- inflated, and 
in every Expiration comprefsd 5 and’ confe- 
quently the Blood-Veffels muft fuffer a Ficiffi- 
ude of Extenfion and Contradion’, ‘anda 
greater motion muft thereby be imprefs’d up- 
on the Flnids contain’d in ’em, than the Heart, 
which does not inthofe Creatures appear to 
be Mufcular, feems capable of giving, 
. The only Animal that is exempted from. 
this neceflary condition of Breathing, or recei= 
‘wing and expelling alternately fome Fluid into and 
out of the Body, isa Fetw. But this, ‘while 
included in the Womb, has little more than 
a vegetative Life, and ought fcarce to be reck= _ 
ond among the number of Animals. For, 
were it not for that fmall fhare of ALZufcular 
Motion, which it exercifes in the Womb, it 
might without abfurdity be accounted -for as 
a Graft upon, or Branch of the Mother. 

' Concerning the immediate matter, and 
means of Life, and Nutrition, Authors are 
not agreed, nor is it the bufinefs of this place 
to reconcile, or decidé their differences, but — 
to account for the motion of the Blood thro’ 
the Veflels only. In order to this, it will be 
neceflary to obferve, that the Pulfation of the 
Heart in a Fetus is fo very weak and obfcure, 
and the motion of the Blood fo extream flow 


and 
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and languid,’ as to be fearce, if at all, percei= 
vable, as has been experienced in the Dif. 
fection of Puppies before Refpiration had. 
He oF To produce fuch a feeble Pal- 
Boyle of, the . pitatian,and creeping Motion, 
Ge Oa no greater force feems to be 
‘ers (S alimeni Tequired, than may be deriv’d 
- defellu. rom the Communication be- 
re tween the Veffels of the Mo- 
ther and Ferws in the Placenta. I am not ig- 
norant, that divers very Learned Anatomifts 
{whom the Crowd have implicitly follow’d) - 
have abfolutely reje4ed all Communication 
between thefe Vellels:, But, with fubmiffion 
to Great Authorities, I think they have a@ed _ 
arbitrarily, and without fufficient Warrant 
from Reafon or Experiment : For neither are 
the. Arguments. which they bring againft it 
conclufive,.nor the Office which they affign 
to the Umbilical Veffels in lieu of it, proper, 
or natural to thofe Veflels,: or the reality of - 
the Fa& made out by any fubftantial Reafons. 
Thofe that reje& this Comraunication ufually — 
doit in favour of one or both of thefe Opini- 
ons, that the Arteries of the Urerus do depo- 
fite.a; Nutritive Juice, or a Juice impregnate 
with Air in the Placenta, which is fuck’d in by 
the Umbilical Vein, and convey’d to the Fe- 
rus, for the neceflary Ufes of Nutrition and 
Life. . Now. thofe that patronize either of 
thefé Opinions, lead Nature an unneceflary 
Dance. -For if the A@aternal Blood does real- 
Jy contain any fuch Nutritious, or any fuch — 
neceflary Aerial Particles, why fhowd they be 
feparated and extravafated, to be with diffi- 
culty receiv’d into the Umbilical Vein, and a- 
gain 


: 
| 
| 


of the Adother ; for the Urerine Arteries bring 
ie | Ore 
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gain mixt with the Blood, when they might 


more eafily have been imparted by the plain 
fimple way of Transfufion from the Arteries 
of the AZother to the Veins of the Fetus. And, 
that this is the courfe which Nature takes in 
this cafe, Iam perfwaded from the eafinefs 
and fimplicity of the Method, which readily 
performs what might be perhaps in vain ex- 
pected from t’other, and wowd over and a- 
bove find ’em, what they feem to grope fo 
blindly about for, a firft Mover of the Blood 
in a Fetus. ae | 
_ Thofe that contend for the conveyance of 
the Wutricious Juice, thro’ the Umbilical Vein 
from the Placenta, are forced upon two diffi- 
culties next to Abfurdities. For firft, they 
are oblig’d to make this Vein, which, as all 


other Veins, feems dedicated to the re-con- 


veyance of Blood only, the proper and imme- 


diate Chanel, thro’ which a very different Li- 


quor is to be carried ; and next, to give a 
Power of AttraGtion or Suction to it; becaufe 
the Nutricious Juice, which it is thus deftin’d 
to carry, is both vifcous and ftagnant, and has 
neither force to drive, nor fubtilty to pene- 
trate, or infinuate it felf into the Capillary 
Veins ; and therefore muft be drawn or fuckt 


as Milk.is from the Breaft, to which the Pla= _ 
‘centa and its Nutricious Juice are by the Fa- 


vourers of em exprefly compared. But if this 
were the fole ufe of the Placenta, and Umbili- 
cal Veffels, why were the Umbilical Arteries 
fent along with the Vein ? Their bufinefs is 
not to bring any thing back to the Fetus, nor 
can they contribute any thing to the benefit 


all 
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all to the Placenta, the Umbilical Vein car- 
ries it to the Fetus, and the Uterine Veins con- 
vey back again the Surcharge of the Mother's 
Blood 5 the Umbilical Arteries only, have no- 
thing to do, and are fuperfiltous and imperti- 
nent, which is contrary to the conftant pra- 
étice of Nature. Yet if Autopfie did in the 
leaft countenance this Hypothefis, fome de- 
fence might ftill be made , but we find in the 
Umbilical Veiz of a Fetus nothing but Florid 
Blood, fuch as in all probability it received 
immediately from the 4rteries of the Afother 
without any mixture. And therefore I can’t 
help concluding, that this Opinion engages 
its Favourers in fome Abfurdity, without Ne- 
ceffity and without Proof. fi 
-- They that from the Placenta fupply the Bo- 
dy of the Fetus with Air, are as much di- 
ftrefs’d as tother; for they are forc’d to beg 
the Queftion twice, which, even when gran- 
ted, will:not anfwer their ends. Firft,' they 
fuppofe, that an intimate mixture or confu- 
fion of Air with the Blood, is neceflary: for 
the fupport of Animal Life, a Poffulatum, 
which perhaps the former part of this Dif- 
courfe may have ‘'render’d unneceffary 5 and 
next that, the Fetus is fupply’d with Air 
from, and its Blood:mixt with it in the Pla- 
« But here again they fetch a Compafs ‘with- 
out neceffity or proof: “For if a‘mixture of 
Air were neceflary toa Ferns, why -fhould ‘it 
be feparated from the Aforher’s “Blood, and 
not rather: both communicated together, fince 
it: is fo much more eafie and commodious: 
But iteither does the Placenta feem: tom be” in- 
ue “ {tructed 
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{tracted and provided for the feparation of 
Air, but of a much groffer Fluid, deftin’d to 
fome other ufe, which Autopfe confirms : Yet, 
were both thefe Opinions true, they are how- 
ever defective, and the Circular Motion of the 
Blood unprovided for, = | 
By the way of Tramsfufion, this gteat Pha- 
nomenon is naturally accounted for, and the 
ends, for ‘which the other two Hypothefes 
were divis’d, might both be anfwered with 
more eafe.” “For the Myjferick, Arteries tranf- 
mitting their Blood immediately to the Umbis 
_fical Vein, may very eafily tranfmit fuch Wu- 
tricious Juices or Aerial Particles, as are con- 
tain’d in the Blood along with it, without de- 
politing ’em by the way. By this means fo 
much of the Impulfe of the Mother’s Blood is 
preferv’d, as fufficesto maintain that languid 
Circulation which a Fetus enjoys. For the 
Blood being driven thro’ the Arteries of the 
Greras into the Umbilical Vein, is convey’d di- 
rectly to the Sinus of the Porta, dnd thence by 
a fhort and ‘dire paffage thro’ the Cava to 
| the Heart} where paffing thro’ the Foramex 
Ovale to the Left Ventricle, and thro’ the Cz« 
nalis Arteriofus from the Right and Pulmonary 
freer , Itis al deliver’d without coming at 
theLunes to the Aorta, and from thence’ a- 


jain by the Cnbilical Avteries to the Veins ‘of 


he, ‘Cterus, making 4 fort of Epicycle to the 
‘maith Circulation inthe Mother." 
AS this Opinion is favour’d by the ftruéture ” 
aud difpofition of the Blood-Veffels on both. 
Parts, fo there is nothing in it difficult to be 
couceivd, ot repugnant to experience, Late 
| Difcoyeriies Have made it appear, that the Ar= 
| O 2 : 


teries 
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teries and Veins are continued Tubes, and 
that the latter contain nothing but what they. 
receive from the former, and no reafon ap-. 
pears why we fhou’d think this Method to be... 
varied in the Placexta. Onthe other hand, if, 
the Arteries of the Uterus were continued to- 
the Veins of the fame part, and thofe of the 
Fetus in like manner, without communicating . 
with each other, their confluence: in the Pla. 
centa feems to be altogether impertinent, and. 
of no ufe, and the Umbilical Arteries and Vein. 
fram’d for no other fervice or purpofe, than. 
to give the Blood room for an idle Sally. 
Thus the reafonablenefs of this old Opinion | 
may be vindicated , but the certainty. of it. 
refts upon ftronger proof. Mr. Cowper,, to : 
whofe happy Induftry we owe the Confirma-. 
tion of many ancient Difcoveries, and the be-. 
nefit of fome new ones, has the honour to™ 
re-eftablifh this old, but long exploded Truth. 
For by pouring Mercury into a Branch of the. 
Uterine Artery of a Cow, that went into. one. 
of the Cotyledones of the Uterus, he fill’ thofe 
Branches of the Umbilical Veins, which went. 
from that Cotyledon to the Navel of the Fatus 5 
which, witha part of the Urerus, he keeps | 
prepared by him. | if ist at ao 
~ It wow'd be a weak Objection,to alledge,@hat. 
the Obfervation, and Experiment being made, . 


on the Vierus of a,Cow, the, Inference woud 
not hold from thence toa. Woman, the ong. 
being Glanduliferous, and the other Placentife= 
rous ;, fince ev'ry one of thefe Cotyledones, or 
aererine. Glandules, is in all refpects .a little. 
Placenta, and al) the difference between ein IS} 
in number, name, and magnitude, .. Why z=. 
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minants differ in this Particular from other ¥7- 


 viparous Animals, is befide the Subject of our 


prefent Enquiry. But the great Flux of 
Blood, which conftantly follows upon draw- 
ing the Placenta from Women (which is fre- 
quently fo great as to coft ’em their Lives) is 


as plain a demonftration to Reafon of the 


Continuity of the Veffels, as Mr. Comper’s Ex- 


periment is to the Eye. 


——— 


I have heard it objected by very learned 
Men, that if there were fuch a Continuity of 
Veffels, and fuch Transfufion of Blood, the 


Fetus muft neceffarily perifh thro’ lofs of 


Blood, upon the feparation of the Placenta 


from the Uterus ; but that, on the contrary, 


no vifible flux of Blood does follow while the 
Fetus continues wrapt in the Membrane, in 


which condition it may be kept alive fome 
hours. To this it may be anfwer’d, that the 
‘Circulation in the Fetus, being deriv’d from 


the Mother, may be fuppos’d wholly to ceafe 
upon the cutting off the Communication be- 
tween ’em, ’till it is again renew’d more for- 
cibly by Refpiration. But if we allow the mo- 
tion already imprefs’d upon the Blood to be 
fufficient to keep it going a little while; yet 


- 3 shied Boge 
it muft needs be fo exceeding languid, that 


the meer refiftance of the external Air muft 
be more than enough to hinder any Efflux of 


Blood from a Fetus before Refpiration. How 
Jong Life may be preferv’d without an aétual 
Circulation of the Blood, is a queftion not of 
this place. But we have been ,convined by 


many and notorious Obfervations and Expe- 


riments, that Life has been recover’d a long 
time after all tokens of Refpiration, Circula- 
O 3 tion, 
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tion, or even Life it felf have difappear’d, fo 
that we can’t think the firft Solution either 
-impoflible or improbable. ud 
. Texpe& to be told, that in the early days 
of Geftation in Viviparous Animals there, is no 
Placenta, or any Adhefion of the Umbilical 
Veffels to any part of the AZotber, and confe- 
quently no fuch Trazsfufion ; and that in Ovz- 
parous there is no continuity, or communication 
of Veflels of any kind, during the whole time 

of Incubation. | 
But thefe Objections carry neither the 
weight nor difficulty along with ’em,that they 
may be fuppos’d to do; for in thofe days 
there is neither Blood nor Blood-Veffels, and 
confequently there can be no Circulation of 
the Blood ; and the Embryo, of what Species 
foever, is no more than a Vegetable at that 
time; nor does the Fetus of any Viviparom 
Creature enjoy any Circulation, or fhew any 
figns of Animal Life, ’till after thofe Veflels, 
as well as others requifite to the Circulation, 
are compleated. oe. 
It muft be confefs’d, that Ovsparous Animals 
are denied the Benefit of this Communication ; 
but that want is fufficiently compenfated by 
a.peculiar Mechanifm, which. directly an- 
fwers the ends of Refpiration, and the preffure 
of the Atmofphere upon the Fetus. There 1s 
at the obrufe end of an Egg a fmall Cavity 
fild with Air, which is the fuccedaneous In- 
{trument to the Re/piratory Organs. , For as 
foon as the Contents begin to be warm’d by 
the Incubation of the Hen, or any analogous 
Heat of Furnace or Dunghil, the feveral Hu- 
mors of the Egg require a fermentative mo- 
| ton. 
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tion, and the ir contain’d in the Cavity or 
Veficle; at the obtufe end of the Egg is rarefied, 
and the Veficle extended and eniarg’d, and 
confequently the“ other Contents are com- 
preft ; to which the fermentative motion na= 
turally refifts. But both Bodies being as well 
compreffible as dilatable, and both having an 
expanfive motion impreft upon ’em by Jecu- 
bation, the compreflion and renitency will be 
mutual, but varied in degree, according as 
either, thro’ the variation of Circumftances, 
fhall prevail. -By this means, an Alternation 
of Compreffion and uid will be pro 
duc’d in both, anfwering the're/piratory mo- 
tion by which a motion will be communica- 
ted, which, as foon as the Organs by which 
it fhou’d be regulated are compleated, will 
in the Body of the Pallus be regular and circus 


, satory. 


| Fabritius ab Aquapendente, and after him, 
our Great Dr.. Harvey, have affign’d divers — 
Ufes to this Cavity or Air Veficle, the Ex- 
travagance of which have perhaps deterr’d 
others from enquiring fo much into the Ufe, 
as the Importance of it requir’'d. But tho’ I 
camtagree to that Perfpiration, Refrigeration, 
and Refpiration, which they make it the Inftru- 
ment of; yet perhaps the ir, that was in- 
clos’d in that Cavity, may thro’ the augmen- 
tation of the Body of the Pulus, and its own 
Rarefattion (which is:at laft fo great as to 
occupy half the Shell) break the Afembraze, 
which feparted it from the Pullus, and there- 
by give fo much Re/fpiration as to form the 
chirping Voice, which is often heard before 
the breaking of the Shell, and with it give | 

0 ar , an 
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an Addition of Strength to enable it to break _ 
the Shell. But how it fhou’d refpire fooner, — 
is to me inconceivable. ae | 

There are many Problems of great feeming 
difficulty, the Solutions of which flow: natu- 
rally from what has been laid down here: But _ 
intending to profecute this Subjeé farther, — 
and to treat of the Impediments of Refpira- 
tion, and the Confequences of Refpiration - 
obftructed or intermitted, I fhall referve ’em 
for that opportunity, and content my felf 
here to attempt the Harveyan Problem only, 
which has given abundance of Authors fo 
much perplexity. | 

That incomparable Philofopher enquires , 
Why a Fetus, taken out of the Uterus with the 
Membranes intire, fhall live in Water fome 
hours without communication with the external 


Air 3 whereas if it be taken out and fufferd once ~ 


to breath, it can’t afterwards furvive a moment 
without the benefit of Refpiration. 

Granting the Fa@ to be as he has deliver’d 
it, which yet is not fo in all cafes, the main 
difficulty is grounded on a miftake, which 
from the ftating of the Queftion I find this 
Great Man to have flipt into. For he 
thinks, that a Fetus is fooner fuffocated after 
having once breath’d, than if it had not ~ 
breath’d at all, and that by breathing it had 
contracted fomething which render’d it more 
perifhable. Idem tamen fecundis exutus, (fays 
he) fi femel aerem iutra Pulmones attraxerit, 
poftea ne momentum quidem temporis abfq, eo du 
_ vare poffit, fed confeftim moriatur. And pre- 
Sently after, Siquidem conftat, fetum, poftquam 
eum feme] hauferit, citius [ufocari, quam ge | 

| A 


| 
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ab illo protfus accebatur. The Doétor obfer- 


ving a Fetus to live longer without Refpira- 
tion, and to difpence better with the want 
of Air while included in the Membranes in- 
tire, than it cowd afterwards, infers thence, 


that the Air does in the firft A& of Infpira- 
tion impref$ upon the Lungs fome quality, 


which renders it ever after more indifpenfa- 


bly neceflary. But allowing his Obfervation, 


- Tmuft yet deny his Inference-to be good: For 


deprive a Fetus of means of refpiring, and 
then take it out of the Membranes, and it 
fhall be as foon fuffocated, as if it had refpired 
before. This proves, that this neceflity of 
intercourfe with the Air, by way of the Lungs, 
js not the OffSpring , but the Parent of Re~ 
fpiration, and that, that Learned Man was 
drawn into a Fallacy of Nox caufa pro caufa. 
The reafon of this Neceflity is the preffure 
of the external Air upon the Surface of the 


Body, from which it was defended by the in- 


terpofition of the Membranes and the Hu- 
mors contain’d, which are not fo compreffi- 
ble as the Body of the Fetus it felf. So foon 
therefore as the Fetus is excluded, and expos’d 
to the immediate contact of the ambient At- 
mofphere, the Veffels and all the Cavities of 
the Body muft neceflarily be fo comprefs’d, 
that the Fluids can’t have room for motion,and 
confequently the Fetus cowd have no Life, if 
Nature had not contriv’d by the motion of 
the Thorax to remove and admit that preflure 
alternately, and thereby to imprefs a motion 
on the Fluids, which is the Spring of Life. 
But this motion of the Thorax being any way 
fupprefs’d, the equal preflure of the Atmo- 

7 {phere 


il 
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{phere on all parts occafions a total Ceflation 
of Motion, which is Death. | y 

I fhall profecute this Subje& no farther 
now, nor trouble the Reader with any Apo- 
logy, for diflenting from thofe Great Men 
herein named 5 becaufe, I hope, I have done 
it with modefty, and all the refpe& due to fo _ 
great Authorities, and have aflign’d nothing — 
which is not matter of Fa@ uncontroverted, 
or deduc’d from it by plain mechanical Ne-_ 
ceflity. | | oe 


Some 


5. ea 


Some. Thoughts. and Experiments 
- eoncerning Vegetation. By John 
Woodward, M.D. of the Col- 
lege of Phyficians, and R.S. and 
Profeffor of Phyfick im Grefham 
College. ken ye MOM 


HE Anzcients generally intituled the 


os Earth to the Production of the Animals, 


Vegetables, and other Bodies upon and about it; 
and that for that reafon twas, that they gave 
it fo frequently. the Epithets of Parent and 


_ Mother *. They were of o- 


pinion, that it furnifhed forth * Terra Parens. 


3 Cae ivlew. 
the Matter whereof thofe Bo- 7) “1708 wey lev 


: : Terra Mater. _ 
dies confift; and received it all 


back again at their Diffolution for the Com- 
pofure of others. Even thofe who afferted 
four Elements, fuppofed that the Earth was the 
Matter that conftituted thofe Bodies; and that 
Water and the reff, ferv’d only for the Con- 
veyance and Diftribution of that Afatter, in or- 


 derto the forming and compofition of them. 


Tis true, Thales, a Philofopher of the firft 
rank in thofe early Ages, has been thought 
to have Sentiments very different from thefe ; 
but that without juft Grounds, as I think I 
have fufficiently proved in another Paper, 
which I am ready to produce. 

But 


Mifcellanea Curiofa. 205 


206 = MifceHanea Curiofa. 

But tho’ Axtiquity thus gave its Vote for 
Terreftrial Matter, feveral of the Afoderns,and 
fome of very great Name too, both here and 
abroad, have gone quite counter, and given 
theirs in behalf of Water. The Dignity of the 
Perfons that have efpoufed it, as well as their 
Numbers, renders this Doétrine very. confide- 
rable, and well worth our enquiring into. 
The great Reftorer of Philofophy in this laft 
_ Age, my Lord Bacon, is of opinion, That for 
Nourifhment of Vegetables, the Water is almoft 
allin all; and that the Earth doth but keep the 

Plant upright, and fave it from 

+ Nat. Hift. over-heat, and over-cold+. Os= 

Cent. 5-§.411. thers there are who are ftill 
| more exprefs; and aflert Wa- 

ter to be the only Principle or Ingredient of 
all natural things. They fuppofe that, by I 
cannot tell what Procefs of Nature, Water is 
tran{muted into Stones, into Plants, and, in 
brief, all other Subftances whatever. Helmont, 
* particularly, and his Follow- 

* Complexionum ers, are very pofitive in this; 
atque Miftion. E- and offer fome Experiments to 
lement. Figm. ° : 

render it credible. Nay,a ve- 

+ Mr. Boyl, TY extraordinary Perfon of our 

Scept.Chym. par.2e our own Nation -- tries thofe 
Experiments over again; and 
difcovers a great Propenfity to the fame 
Thoughts and Opinion they had; declaring 
for this Tranfmutation of Water into Plants 
and other Bodies, tho’ with great Modeity 
and Deference, which was his ufual man- 
ner. - 
The Experiments they infift upon are chiefly 
two; the firft is, that Adivt, and feveral other 
| | Plants 
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Plants profper and thrive very greatly in Wa- 


ter. The other is this; they take a certain 
_ quantity of Earth, and bake it inan Oven, 


then they weigh it, and put it into an Earthen - 


Por. Having well water’d this Earth, they 
make choice of fome fit Plant, which, being 
firft carefully mesgh’d, they fet in it. There 
they let it grow, continuing to water it for 
fome time, ’till ’tis much advanced in bigne/s : 
Then they take itup; and tho’ the Bulk and 
Weight.of the Plant be much greater than 
when firft fet, yet upon baking the Earth, and 
weighing it, as at firft, they find it little or not 
at all diminifhed in meight; and therefore con- 
clude, ’tis not the Earth but Water, that nou- 


_rifhes and is tvrv’d into the Subftance of the 


Tigit. = | 

I muft confefs I cannot fee how this Experi- 
ment can ever be made with the mcety and 
jufne/s that is requifite, in order to build upon 
it fo much as thefe Gentlemen do. *Tis hard to 
weigh Earth in that quantity, or Plants of the 
fixe of thofe they mention, with any great ex- 
afine{s 5 or to bake the Earth with that accu- 
racy, asto reduce it twice to. juft the. fame 
Drinefs.. But 1 may wave all this ; for tho’ 
the Experiment be never fo eafily practicable, 
and all the Accidents of it exa@ly.as they fet 
forth, yet nothing like what they wafer can 
poflibly be.concluded from it; unlefs Water, 
which they fo plentifully “beftow upon the 
Plant in thi Experiment, be pure, homoge- 
neous, and ‘not charged with any terreftrial 
Mixture, for if it be, the Plant after all 
sae Owe Its, growth and increafe intirely to 


% 
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Some Waters are indeed fo very clear and — 
tran{parent, that one would not eafily fufpe& — 


any terreftrial Ad4atter were latent in them; 


but they may be highly faturated with fuch 


Matter, tho’ the Eye be not prefently able 


to defcry or difcernit. *Tis true, Earthisan 
Opake Body; but it may be fo far diffolved, 
reduced to fo extreme fmall Particles, and 
thefe fo diffufed through the watery Mafs, as 


not fenfibly to impede Vifiox, or render 


the Water much the lefs diaphanous. Silver is 
an Opake, and indeed a very denfe Body; and 
yet, if perfe&ly diffolved in Sp. of Nétre, or 
Agua Fortis, that is rectified and thorowly fixe, 
bay ee -, it does not darken the 
* Provided the Silver Menjtruum, or render it 
be pure and abfolutely lefs- pellucid than be- 
pefinths. For heCled®’ fore x, And other. In- 
admixture , of -Copper {t: | 
will produce ablue vin- ‘ftances there are, that 
ure in the Menftru- oftentimes great quanti- 
vin; as that of fome ties Of Opake Matter are 
other Bodies, one. dif- fuftain’d in, Fluids, with- 
ferent. 1 "ont confiderably ftriking 
Ee oe ae 2 athe byes Or Dene ers 
ceived by it. So that were there Water any 
where found fo pure, that the quickeft Eye 
could difcover init no tereftrial Intermixture 5 
that would be far fhort of a Proof, that in re- 
ality Choke was Hove. Os poe es oa pa 
‘But after‘all, even the cleare/t. Water is very 
far from: being pure and wholly defecate, in any 
part of the World that I.can learn. _For Ours 
here, Ihave had an Opportunity of. examin- 


q 


ing it over a good part of England:;'and can- 


not fay I’ever met with any, that, however 
frefh_and newly taken out of the Spring, did 
PS bk al ct ‘i not 


Mifcellanea Curiofa. 209 
not exhibit, even to the naked Eye, great 
numbers of exceeding fmall terreftrial Parti- 
cles diffeminated through all parts of. it. 
Thicker and craffer Water exhibits them in 
ftill greater Plenty. a 
_ Thefe are of two general kinds. The one 
a vegetable terreftrial Matter, confifting of 
very different Corpufcles ; fome whereof are 
proper for the formation and increment of 
one fort of Plant, and fome of another; as 
alfo fome for the nourifhment of one part of 
the fame Plant, and fome of another. The 
other kind of Particles fuftain’d in Water are 
of a Mineral Nature. ‘Thefe likewife are of 
different forts. In fome Springs we find Com- 
mon Salt, in others Vitriol, in others Alum, 
Witre, Sparr, Ochre, &c. nay, frequently fe- 
veral of thefe, or other Minerals, all in the 
fame Spring ; the Water as it drains and paf= 
fes thorough the Strata of Stone, Earth, and 
the like, taking up and bearing along fuch 
loofe Mineral Corpufeles, as it meets with in 
the Pores and Interftices of thofe Strata, and 
bringing them on with it quite to the Spring. 
All Water whatever is much charged witt 
the Vegetable Matter, this being fine, light, 
and cafily moveable. For the Mineral, the 
Water of Springs contains more of it than 
that of Rivers, ‘efpecially when at diftance 
from theit Sources; and that ' of Rivers more 
than the Water that falls‘in’ Rain. This 1 
frave learn’d from’ feveral’ Trials, which ‘J 
muft not give Account of here; my Drift in 
this place being only'to evince the Exiftence 
of terreftrial Matter in‘Water.  - 


Any 
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Any one who defires farther fatisfaction in 
this, may eafily obtain it, if he only put Wa- 
ter into aclear Glafs Viol, ftopping it clofe, 
to keep Duft and other exterior Matter out, 
and letting it ftand, without ftirring it for 
fome Days: He'll then find a confiderable 
Quantity of terreftrial Matter in the Water, 
however pure and free it might appear when, 
firft put into the Viol. He'll in a very fhort 
time obferve, as I have frequently done, the 
Corpufcles that were at firft, while the Wa- 
ter was agitated and kept in motion, fepa- 

rate, and hardly vifible *, 

* To fay nothing DY degrees , as the Water 
of thofe that were permits,by its becoming more 
net difcernible. {till and at reft, aflembling 
Si uty and combining together; by 
that means forming fomewhat larger and more 
confpicuous Molecule, Afterwards he may 
behold thefe joining and fixing each to other, 
by that means forming large thin Maffes, ap- 
pearing like Wubecule, or Cloudsin the Wa- 
ter; which grow more thick and opake, by 
the continual appulfe and accretion of frefh 
Matter... If the faid Matter be chiefly of the 
Vegetable kind, twill be fuftain’d in the 
Water; and difcover at lengtha green Co- 
Jour, becoming {till more and more of that 
Colour, I.mean an higher and more faturate 
Green, asthe Matter thickens and encreafes.. 
That this AZatter-inclines fo much to that Co- 
lour,-is,the lefs range, fince we fee fo large a 
fhare of it, when conftituting Vegetables 
wearing the fame Colour in them. But if 
there be any confiderable quantity of meer 
Minera! Matter in the Water, this, ea 

ap. 0 
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ofa greater fpecifick Gravity ‘than the Vege- 


ee 


— 


table, ‘as the Particles of it unite and com- 
bine in fuch Number, ’till they form a Afole= 
eula, the Impetus of whofe Gravity furpafles 
that of the Refiftance of the Water, fubfides’ 
a great deal of it to the botrom. Nor does it 
only fall down it felf, but frequently entang- 
ling with the Vegetable Nubecula, forces them 
down along with it. ee ress 
~The Reafon why Bodies, when diflolved: 
and reduced to extreme fimall Parts, are’ fu- 
ftain’d_in Liquors that are of lef$ {pecifick Gra- 
vity than thofe Bodies are, hath been pointed 
at by a late ingenious Member Ae 
of this Society *. He is indeed Ps gehen 
far from having adjufted all the Tranfs Nos 181. 


- Momenta of this Affair; howe- 


ver it muft be admitted, that, ‘in the’ divi- 
ding or ‘folution ‘of Bodies, their Surfaces do 
not decreafe in the fame Proportion that their 
Bulk does. Now the Gravity of a Body , 
which is the Caufe of its finking or tendency 
downwards, is commenfurate to its Bulk; 
but. the Refiftance that the Liquor makes, is 
proportion’d, not to the Bulk, but to the 
extent of the Surface of the Body immerfed in 
it. Whence’tis plain, a Body may be fo far 
divided, that its’ Parts may be fuftain’d ina 
Fluid, whofe fpecifick Gravity is lefS than 
that of the faid Body. ‘Nay, ’tis Matter of 
Fact that they frequently are fo ; and we dai- 
ly fee Adenftrua fupporting the Parts of Aze- 
tals, and other Bodies, that are of fix, ten, 
nay, almoft twenty times the Spec. Grav. of 
thofe Menftrua. And as the Parts of Bodies 
when divided, are thus a in a Fluid ;_ 
tae “is fe 


pa 
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fo when theyoccur. and unite again, they. 
muft fink of courfe, and. fall to. the Bot- 
. Upon the whole, ’tis palpable and, beyond. 

reafonable. Conteft, that Water. contains in it 
a, very confiderable Quantity of terreftrial 
Matter. Now the Queftion is, to: which of 
thefe, the Water, or the Earthy Matter fu-— 
ftain’d in it, Vegetables owe their Growth 
and Augment: For deciding of which, Icon- 
ceive the . following. Experiments may, afford. 
fome Light.; and I can fafely fay, they were 


made with due,Gare and Exactnels, 
Anno 169 lk + | 


'Y chofe feveral Gla/s Viols, that were all, as 
nearas poflible, of the fame fhape and big- 
nefs... After I had put what Water I thought. 
fit: into. every,one of them, and taken an Ac- 
count of the weight of it, I ftrain’d and ty’d: 
over the Orifice of each Viol,a Piece of Parch- _ 
ment, having an hole in. the middle of it,, 
large enough to,admit.the Stem of the. Plant; 
I defign’d.to fet in the Viol, without confining. 
or, firaightning it fo as. to impede. its Gromeh.. 
My. Intention in, this, was,to prevent the in-, 
clofed Water from evaporating, or afcending. 
_ any other way than only thorough the Plant; 
to be fet therein.. ThenJ,made,choice of fe-, 
veral, Sprigs of Mint,.and. other Plants; that: 
were, as near.as,I could. poflibly judge, alike; 
frefh, found, and lively. Having taken the, 
weight of each,, I placed it in. a Viol, order’d, 


as above ; and as the Plant imbib’d and drew, 


off the Water, 1, took. care to, addimore of the, 
tt 3 o ; aine 


Ur 
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fame from-time to time, keeping an Account 
of the weight of all I added. “Rach of the 
Glaffles were, for better diftinétion, and the 
more eafie keeping a Regifter of all Circum- 
ftances, noted with-a different Mark or Let- 
ter, A, B,C, &e.’and all-fet in a Row in the 
fame Window, in fach manner that all might 
partake alike of ir, Light, and Suz. ‘Thus 
they continued from Fuly the Twentieth, to. 
| Offoberthe Fifth, which was juft ‘Seventy fe-. 
ven Days. Then I took them out, weigh’d 
the Water in each Viol, and the Plant like- 
_ wife, adding to its: weight that of all the 
“Leaves that had fallen off during the time it. 
ftood thus. | And ‘Laftly, I computed how 

much each Plant had gain’d 5 and how much 
Water ‘was’ {pent upon it. The Particulars 
ave'ad follow: <2 Oo Pon cise Ge 


“"CA.) Common Spear- Mint fet in Spring-Wa- 
“ter~ ‘The Plant-weighed when put in Fuly. 
* 20. juft 27 Grains; when taken forth, Offob, 
"5. 42 Grains : So that in this fpace of 77 
“Days, it-had gained in weight 15 Grains. _ 
The whole Quantity of Water expended, 
* during thefe 77 Days, amounted to 258 Gr. 
“ Confequently the weight of the Water taken 
“up, Was 170; times as much as the Plant 
Shad-goe im'weight. 7 | 
*(B:) Common Spear-Mint. Rain-Water. The 
Mint weigh’d, when put in, Gr. 28; ‘when 
ieee out Gr. 453, having gain’d in 77 Days 
MY. 173. : | 


P'S The 
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‘ The Difpendium of the Water Gr. 300 


© which was 17135 times as muh as ene iP _ 
¢ had received in BRIBAt3 e 


Ee a , Common Spear-mint, T rare The : 
‘Plant when put in,Gr. 28,when taken forth, - 
©Gr. 54... Somthat in.77 Days it had gained 
©Gr. 26. 7 ; 

a) The ‘Water expended, amounted to, Gr. . 

2493. which was 9532 times as-much. as the) 

cgdatlonal ecto of the Mint.) nt aes 


‘ (D.) Common gb bh 240 “Ni Bhs bali Y 
ys CRPTENE SO GEE: The Plant. .weigh’d, sae put 
‘in, Gr..495 when. taken ‘out 106, HaVNg | 
“agin in7y Days.§7.Gtrad +4 ; 
‘The Wat. expended during the, Laid time,’ 
‘ was 3708 Gr. which was 65, times a$ much- 

© as the Augment of the Plant. 

“ This Specimen had feveral Buds upon it, 
‘when firft fet in the Water. Thefe in fome 
“Days became fair Flowers, which were, at 
“length fucceeded. by. Berries. ies | 


‘ (E.). Lely feu Catepusia Gents ‘Spring 
‘Water. It weigh’d, when put. in; Gr.198. 
¢ when taken forth, Gr. ror}. -The additional - 
‘ weight for this whole 71 Days, being but 
¢ Gr. 3h. : 
vid he Quantity of Water fpent upon i it, du- 
‘ring that time, Gr. 2501. ‘which is 7147 

times as much asthe Plant was augmented, ” 


Several other Plants were tryd, that did : 
not thrive 7 Water, or fucceed any: 
better than the - Catapatia foregoing = 

| But 


* 


— Mifcellanea Curtofa. 215 
© But tis befides my purpofe to give a parté- 
cular Account of them here. ay 


CF, G:)Thefe Two Viols were fill’d,the former 
(FE) with Ram, the other with Spring-water, 
at the fame time as thofe above-mention’d 
were; and ftood as long as they did. But 
they had neither of them any Plant; my | 
Defign in thefe being only to inform my felf, 
whether any Water exhaled out of the Glafles, 
otherwife than thorow the Bodies of the Plants. 
The Orifices of thefe two Glaffes were co- 
ver'd with Parchment’; each piece of it being 
perforated with an hole of the fame bignefs 
with thofe of the Viols above. - Inthis I fuf- 
{pended a bit of Stick about the thicknefS of 
the Stem of one of the aforefaid Plants, but 
not reaching down to the Surface of the inclu- 
_ ded Water... I put them in thus, that the Wa- 
terin thefe might not have’ more Scope to e- 
vaporate than that in the other Viols. Thus 
they ftood the whole 77 Days in the fame 
Window with the reft ; when, upon Exami- 
nation, I found none of the Water in thefe 
waited. or gone off. Tho’ Lobferved both in 
thefe, and the reft, efpecially after hot Wea- 
ther, {mall Drops of Water, not unlike Dew, 
adhering to the Infides of the Glaffes, that 
| Part of them, I mean, that was above the 
| Surface of the enclofed Water. sh bas? 
“Phe Water in thefe two Glafles that had no 
Plants in them, at the end of the Experiment, 
exhibited a larger Quantity of terreftriat 
Matter than that in any of thofe that had the 
Plants in them did. The Sediment at the 
| bottom of the Viols was greater; and the 
me Pig Nubecule 


* 
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WNubecule: diffusd through the Body of the 
Water thicker. And of that which: was in 
the others, fome of it proceeded from certain 
finall Leaves that had fallen from that part 
of the Stems of the Plants that wd within the 
Water, ‘wherein they rotted and diflolved. 
The terreftrial Matter in the Rain-water was. 
finer than that in ‘the Spring-water. 


_ Anno. 1692. | 


- The Glaffes madeufe of in this, were. of 
the fame fort with thofe in the former Expe- 
riment ; and cover’d over with Parchment in 
like manner. ‘The Plants here were all Spear- 
mint ; the moft kindly, frefh, fprightly Shoots 
E could ‘chufe.. The Water, and the Plants 
were weigh'd as above 3 and the Viols fet ina 
Line, in a South: Window ; where they ftood 
from Fuue 2d, to Fuly 28. which was jult 56 
Days. 


(H.) Hyde-park Conduit-water,alone. «The 
¢ Mint weighed, when put in, 127 Gr. when 
‘taken out, 255 Gr. The whole Quantify of 
‘Water expended upon this Plant, amounted 
*to14190 Gre > Is ghadbe 

‘This was all along a very kindly Plant ; 
¢ and had run up t6 above two Foot in height. 
‘it had fhot but one confiderable: collateral | 
‘Branch; but had: fent forth many and long 
‘Roots, from which fpruig very numerous, 
“tho? fmall and fhort,lefler Fibres.. Thefe lef- 
¢ fer Roots came out of the larger on two oppo 
© ite fides, for. the molt part; {fo ise 

3 ahh 8 ne Qof, 


———— a= mnE=z Sea 


Mifcelanea Curiofa. 217 
¢Root, with its Fbrile, aye not unlike 
Cafmall Feather. To thefe Fibrite adher’d 
¢ pretty much terreftrial Matter. In the. Wa- 
¢ ter which was at laft thick and turbid, was a 
*sreen Subftance refembling a fine thin Con- 
“ferva. ~ Dllaba tip eis 


¢(L.) The fame Water, alone. The JGnt 
¢weigh’d, when put in, 110 Gr. when taken 
‘out, 249. Water expended, 13140Gr. 
This Plant was as kindly as the former, 
¢but had fhot no collateral Branches. Its 
“Roots, the Water, and the green Subftance, 


¢all much asin the former. 2 


chpag SOS Hyde-Park, Conduit-water, in. which 
¢ was diffolved an Ounce and half of Common 


‘ Garden-earth. The AMfint weigh’d, when put 


- ©in, 76 Gr. when taken out 244 Gr. Water 


“expended, Gr. 10731- CE ee ae 
This Plant, tho’ it had the Misfortune to 
¢be annoy’d with many fmallInfecs that hap-- 
‘pened to fix upon it, yet had fhot very con- 


-fiderablé: collateral Branches; and at leaft 


‘ag many Roots as either that in H orl; 
¢which hada much greater Quantity of ter- 
‘reftrial Matter adhering to the Extremities | 
“of them. The fame green Subftance heres 
that wasin the two preceding... . .  ..>: 
-©(L.) Ayde-Park Water with the fameQuan- 
“ty of Garden-mould asin the former. “The 
¢ Mint weigh’d, when put in, 92 Gr. when 
taken out 376 Gr.. The Water expended 


_ 14950 Gr. 


‘This Plant was far more floutifhing than — 
any of the precedent ; had feveral very con- 
, r4 * fiderable 
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' fiderable collateral Branches, and very nu- 
, merous Roots, to which terreftrial Matter 
“adhered ver copioufly. i pirbas ete aa ae 
The Earth in both thefe Glaffes was ve= 
“ry fenfibly and confiderably wafted, and lef 
‘than when firft put in. The fame fort of 
* green Subftance here as in thofe above. 


© (M.) Ayde-Park. Water, diftilled off with a 
* gentle Still. The AG weigh’d,when put in, 
©114 Gr. when taken out 1§5-. Lhe: Water 
“expended, 8803 Gr. {ha ea 
“This Plant was pretty kindly ; had two 
* fmall collateral Branches, and feveral Roots, 
‘tho’ not fo many as that in Hor I, but as 
“much terreftrial. Matter adhering to.them 
"as thofe had. . The Water was pretty thick; 
* having very numerous fmall-terreftrial Parti. 
* cles fwimming in it, and fome Sediment at 
“the bottom ‘of the ClafS. This Glaf had 
; none of the green Matter above-mentioned, 
Mit.” > " 


~ ©(N.) The Refidue of the Water,which re- 
“main’d in the St after that in M, was di- 
"fill off: It was very turbid, and as high- 
‘coloured (reddifh) as ordinary Beer. The 
* Mint weigh’d, when put in, 81 Gr. when 
“taken out, 175 Gr. Water expended, 4344 
“Gr. This Plant was very lively ; and had 
* fent out fix collateral Branches, and. feveral 
Roots. 


(O.) Hyde-Park Conduit-water, in which was 
diflolved a Drachm of Nitre. The Mint fet 
in this fuddenly began to wither and decay 5 

ora "s and 
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and died in a few Days: As likewife did two 
more Sprigs, that were fet in it, fucceffive- 
ly. In another Glafs1} diffolved an Ounce of 
good Garden-mould, and a Drachm of ‘Ni- 
tre ; and in a third, half an Ounce of Wood- 
afhes, and a Drachm of Nitre; but the Plants 
in thefe fucceeded no better than in the for- 
- mer. In other Glaffes I diffolved feveral o- 

ther forts of Earths, Clays, Marles, and va- 
riety of Manures, @c. I fet Mint in diftil’d 
Mint-water ; and other Experiments I made, 
of feveral kinds, in order to get Light and In- 
formation, what haftened or retarded} pro+ 
moted or impeded Vegetation; but thefe do 
not belong to the Head I am now upon. 


 (P.) Hyde-Park; Conduit-water. In this I fix’d 
a Glafs Tube about ten Inches long, the Bore 
about one fixth of an Inch in Diameter, fi'l'd 
with very fine and white Sand, which I kept 
from falling down out of the Tube into the 
Viol, by tying a thin piece of Silk over that 
end of the Tube that was downwards. Upon 
Immerfion of the lower end of it into the 
Water, this by little and little afcended quite 
to the upper Orifice of the Tube. And yet, 
in all the fifty fix Days which it ftood thus, a 
very inconfiderable Quantity of Water had 
gone off, vz. fcarce twenty Grains 3. tho? the 
sand continued moift up to the top’till. the 
very laft. The Water had imparted a’ green 
Tinture to the Sand, quite to the very top 
of the Tube. And, in the Viol, it had pre- 
cipitated a greenifh Sediment, mix’d with 
_ black. Tothe bottom and fides of the Tube, 

as far as ’twas immers’d in the Water, ade 
: her’d 
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her’d pretty much of the green Subftance de- 
fcribed above. Other like Tubes I fil’d with 
Cotton, Lint, Pith of Elder, and feveral o- 
ther porous Vegetable Subftances; fetting 
fome of them in clear Water; others in Wa- 
ter tinged with Saffron, Cochihele, @c.: And 
- feveral other Trials were made, in order to 
give a mechanical Reprefentation of ‘the mo- 
tion and diftribution of the Juices in Plants ; 
and of fome other Phenomena obfervable in 
Vegetation, which I fhall hot give the Parti- 
culars of here, as being not of ufe to my pre- 


fent defign. 


(Q, R,5S,) &c. Several Plants fet in Viols, 
ordered in like manner as thofe above, in 
Oitober, and the following colder months. 
Thefe throve not near fo much ; nor did thé 
Water afcend in nigh the quantity it did in 
the better Seafons, in which the before reci- 
ted Trials were made. 


Some Reflexions upon the foregoing Expe- 


vimentS. 


1. Iz Plants of the fame kind, the lefs they 
éve in Bulk, the fmaller the Quantity of the fluid 
Mafs , in which they are fet, is drawn off; 
the Difpendium of it , where, the Mafs is of 
equal- thickwe[s, being pretty nearly proportioned 
to the Bulk, of the Plant. Thus that in the 
Glafs mark’d A, which weig’d only 27 Gr. 
drew off but 2558 Grains of the Fluid; and 
that in B, which weigh’d only 284, took up 
but 3004 Gr.) whereas that in’ H, which 

: weigh’d 


Maifcellanea Curtofa. 22% 
weigh’d' 127Grains, fpent 14190Gr. of the 
Liquid Mafs.. | a lo. Simm 

The Water feems to afcend up the Veffels 
of Plants, .in much the fame manner as, up 
a Filtre; ard tis no great wonder that a lar- 
ger Filtre fhould draw off more Water than a 
lefler 3 or thata Plant that has more and lar- 
ger Veflels, fhould take up a greater fhare of 
the Fluid in which it is fet, than one that has 
fewer and fmaller ones can." Nor do I note 
this asa thing very: confiderable in it felf, but 
chiefly in regard to what } am about to offer 
beneath 5 and that it maybe feen that, in 
my other Collations of ‘Things, I made due 
Allowance for this Difference. - 


2. The much greateft part of the fluid Mafs, 
that 1 thus drawn off and convey'd into. the Plants, 
does not fettle er abide there, but: paffes through 


the pores of them, and exhalés up into the Atma- 
fphere. That the Water in thefe Experiments 


afcended only through the Veflels of the 
Plants, is certains. The Glafes F and G, 


that had no Plants in them, tho’ difpofed ‘of 


in like manner as the’ reft;, remati’d at: the 
End of the Experiment, as at firft'; and none - 
of the Water was gone off. And that the 
greateit part of it flies off from the Plant in+ 
to the Atmofphere, isas certain. The: leaf 
Proportion ‘of the Witer expended, ‘was to 
the Augment of the Plant, as 46 or §0 to 1. 
And in fome the weight of the Water drawn 
off, was 100, 200, nay, in ome above 700 
times as much as the Plant had received of 
Addition. , 


This 
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‘This fo continual an Emiffion and: Detach- 
ment of Water, in fo great Plenty from the 
Parts of Plants, affords us a manifeft reafon - 
whyCountries that: abound with Trees,and the 
larger Vegetables efpecialiy, fhould be very ob- 
noxious:to Damps, great Humidity. in the 
Air, and=more frequent Rains; :than others 
that are more open and free. The great Moi- 
fture in the Air,’ wasa mighty inconvenience 
and; annoyance to thofe who firft. fettled in 
America y which at that time was much over- 
grown with Woods and Groves. Butas'thefe 
were burnt and deftroy’d;to make way for Ha- 
bitation and Culture of the Earth, the Air 
mended and cleared up apace, changing into’ 
a Temper much more dry and ferene than — 
before. 5% ATH WI .f 
Nor does this Humidity go: off pure. and 
alone 5 but ufually bears forth with it many | 
Parts of the fame Nature with thofe whereof 
the Plant, through which it paffes, confifts. 
The Craffer indeed are not fo eafily born up 
into the Atmofphere; but are ufually depofited 
on the Surfaceof the Flowers,Leaves,and other 
Parts of the Plants : Hence comes our Man- 
na’s, our Honeys, and other Gummous Exfu- 
dations of Vegetables. But the finer and ligh- 
ter Parts are with greater eafe fent up into 
the Atmofphere. Thence they are conveyed 
to our Organs of Smell, by the Air wedraw — 
in Refpiration ; and are pleafant ‘or offentive, 
beneficent or injurious to us ,\? according to 
the Nature of the Plants from whence they 
arife. And fince thefe owe their Rife to the 
Water that afcends out of the Earth through 
the Bodies of Plants, we cannot be far to ye 
| or 
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fer the Gaufe why they are more numerous in 


the Air, and we find a greater quantity of 


Odors exhaling: fron Vegetables, in warm, 
humid Seafons, than in any other whatever. ~ 
ey A great part of the rerreftrial Matter that 
is mixed with the Water, afcends'up into the Plant 


aswell. as the Water. There was much: more 


terreftrial Matter at the end of the Experi-. 
ment, in the Water of the Glaffes.F and G, 
that had.no Plants in them, than in thofe that 
had Plants. The. Garder-mould diffolved in: 
the Glafles- K and L was. confiderably :dimi-. 
nifhed, and carried off. Nay, the terreftrial 
and vegetable Matter was born up in -the: 
Tubes filled-with Sand, Cotton, @¢c. in that. 
Quantity, as to be evident even. to Senfe, 


_ And the. Bodies in. the Cavities. of the ether 
_ Tubes,that had their lower Ends immers’d in 


Water, wherein Saffron, Cochinele,; @c. had: 
been infufed, were tinged with Yellow, Pur- 
ple, @e. | 7 2 

If. I may, be. permitted to: look abroad a 
while, towards our Shores. and - Parts within 
the Verge of the Sea, thefe: will prefent us: 
with a large’Scene of Plants, that, along with’ 
the Vegetable, take up into them meer mine- 
ral Matter alfo in great abundance. Such 
are our Sea-Purflains, the feveral of Alga’s,. 
of Sampires, and other marine Plants. Thefe * 
contain common. Sea-falt,. which is all one 
with the Fofil, in fuch plenty, as not only to 
be plainly diftinguifh’d on the Palate, but may 


be drawn forth of them in confiderable quan- 


tity. Nay, there want not thofe who affirm, 


_ there are Plants found that will yield WNitre, 


and 
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and other minerat Salts; of which indeed Iam’ 
not fo far fatisfied, that I can depend on the 
Thing; and.therefore give this only as an hint’ 
for nguity: tedto vas ci aedy jeaotss@ hing 
To go on with the-vegetable Matter, how 
apt and how much difpofed this, being fo ve- 
ry fine and light, is to attend Water in all 
its: Motions, and follow it into each of its: 
Recefles, is manifeft, not only from the In- 
ftances: above -alledge’d » but many others. 
Percolate it withal the Care imaginable: Fil- 
ter it with) never'fo many Filtrations, yet 
fome terreftrial: Matter -will remain. Tis 
true, the Fluid will be thinner every time 
than other, and more difingaged of the faid 
Matter ;,-but never wholly free and clear.‘ [ 
have filtred: Water thorough “feveral wholly 
freeiand clear‘Sheets of thick Paper; andJafter. 
that, through very clofe fine Cloth twelve 
times doubled.’ Nay, I have done this over 
and over; and yet a confiderable quantity of 
this Matter difcover’d it felf in the Water: 
afterall’ Now ifit thus pafs Interftices, that 
ate fo very final) and fine along with the Wa- 
ter, “eis the lefsiftrange it fhould attend it in’ 
its paffage through the Duds and Veffels of! 
Plants. -’Tis true, filtering and diftifling of 
Water intercepts‘and makes it quit fome of 
the Barthy Matter it’ was before impregna- 
“ted withal: “But'then that which continues: 
with the Water after this, is fine and light; 
and fach confequently, as is ina peculiar man-" 
ner fit for the Growth and Nonurifhment of 
Vegetables. And this is the’Cafe of Rain- 
water.’ The Quantity of terreftrial Matter 
it beats up into the Atmofphere, is not great. ° 
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But that which it does bear 'up, is mainly of 
that light kind of vegetable Matter; and that 
too perfectly diffolved, and reduced ‘to fingle 
Corpufeles, all fit to enter the Tubules 


and Veflels of Plants: On which Account 


tis that this Water is fo very fertile and pro- 
. The Reafon, why in this Propofition, I 
fay, only a great part of the terreftrial Mat- 
ter that is mix’d with the Water, afcends up 


‘with it into the Plant, is, becaufe all of it 


cannot. The-mineral Matteris a great deal 
of it, not only grofs and ponderous, but fca- 
brous and inflexible; and fo not difpofed to 
enter the Pores of the Roots. And a great 


many ofthe fimple vegetable Particles by de- 


grees unite, and form: fome of them finall 


Clods or Adolecule 5 fuchas-thofe mention’d’ 


in H,K, and L, fticking to the Extremities 
of the Roots of thofe Plants. Others of them 


intangle ina loofer manner; and form the 


Nubecule, and green Bodies, fo commonly ob- 


ferved in ftagnant Water. Thefe, when thus 


conjoin’d, are too big to enter the Pores, or 
afcend up the Veffels of Plants, which fingly 
they might have done. They who are con« 
verfant in Agriculture, will eafily fubfcribe to | 
this. They are well aware that, be their. 
Earth never 0 rich, fo good, and fo fit. for 


the Productioniof Corn or other Vegetables, 


little willcome of it, unlefs the Parts of it be 
feparated and loofe. . ?Tis on. this Account. 
they beftow the Pains they do in Culture of 


it, in. Digging, : Plowing, Harrowing, and 


Breaking of the.Clodded Lumps of Earth. 


_ Tis the fame sway: that Sea-falt, ‘Nitre, and 


other 
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other Salts promote Vegetation. I am forry. 
I cannot fubfcribe’ to the Opinion of thofe 
Learned, Gentlemen, who imagine Nitre to” 
be :eflential'to Plants ; and that nothing in 
the vegetable Kingdom is tranfa@ed without 
it.: By all ‘the Trials 1 have been ‘able to 
make, the thing is quite otherwife ; and when 
contiguous to the Plant, it rather deftroys 
_ than nourifhesit.. But this Nitreand other 
Salts certainly do; they loofen the Earth, 
and feparate the concreted Parts of ; by that 
means fitting and difpofing them to be aflumed.- 
by.the Water,.and carried ‘up into the Seed 
or Plant, for its Formation and Augment. 
There’s no’ Man but muft obferve, how 
apt all forts of Salts are to be wrought upon 
by Moifture ; how eafily they liquate and run 
with it ; and when thefe are drawn off, and 
have deferted the Lumps wherewith they were 
incorporated, thofe muft moulder immediate- 
ly, and fall afunder of Courfe. The hardeft 
Stone we meet with, if it happen, as. fre- 
quently it, does, to have any fort of Salt in- 
termix’d' with the Sand of which it. confifts, 
upon being expos’d to an humid ‘Air, in a 
fhort time diffolves and crumbles all to pie- 
ces; and much more will clodded Earth or 
Clay; which is not of near fo compact and fo- 
lida Conftitution as Stone is. The fame way 
likewife is Lime ferviceable in this Affair.’ 
The Husbandmen fay of it, that:it does not 
fatten, but only »mellows the Ground’: By 
which they mean, that it does not contain — 
any thing init felf that is of the fame Nature: 
with the vegetable Mould, or afford any 
Matter fit for the Formation of Plants. but 
9d meerly 
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meerly foftens and relaxes the Earth; by 
that means rendering it more capable of en- 
tering the Seeds and Vegetables fet in it, in 
order to their Nourifhment, than otherwife 
it would have been. The Properties of Lime 
are well known ; and how apt ’tis to be put 
into Ferment and Commotion by Water. Nor 
can fuch Commotion ever happen when Lime 
is mix’d with Earth, however hard and clod- 
ded that may be, without opening and loofe- 
ning of it. ; | 


4. The Plant 1 more or lefs nourifl’d and aug 
mented, in proportion as the Water, in which it 
ftands, contains agreater or fmaller Quantity of 
proper terreftrial Matter in it. The Truth of 
this Propofition is fo eminently difcernible 
through the whole Procefs of thefe Trials, 
that ] think no doubt can be made of it. The 
Atint in the Glafs C was of much the fame 
Bulk and Weight with thofe in A and B. 
But the Water, in which that was, being 
River-water, which was apparently ftored 
more copioufly with terreftrial Matter, than 
the Spring or Rain-water, wherein they ftood, 
were ; it had thriven to almoft double the 
Bulk that either of them had, and with a lefs 
Expence of Water too. So likewife the Mint 
in L, in whofe Water was diffolved a fmalf 
quantity of good Garden-mould, tho’ it had 
the difadvantage * to be lefs, 
| when firft fet, thaneither of — * Confer. Prop. 

the Mints in H or I, whofe 1%-Jfupra 
| Water was the very fame | 
with this in L, but had none of that Earth 
mux’d with it; yet, in a fhort time the Plant 
| 3 ee not 
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not only overtook; but much out-ftripp’d 
thofe, and at the end of the Experiment was 
very confiderably bigger and heavier than ei- 
ther of them. In like manner the A@ze in 
N, tho’ lefS at the beginning than that in M, 
being fet in that thick, turbid, feculent Wa- 
ter, that remained behind, after that, where- 
in M_ was placed, was ftill’d off, had in fine” 
more than doubled its original weight and 
bulk ; and received above twice the additio- 
nal Encreafe, than that in M, which ftood 
in the thinner diftil?’d Water had done. And, 
which is not lefs confiderable, had not drawn 
eee the Quantity of Water that that 
had. > i 
Why, in the beginning of this Article, T 
limit the Proportion of the Augment of the 
Plant to the Quantity of proper terreftrial 
Matter in the Water, is, becaufe all, even 
the vegetable Matter, to fay nothing of the 
Mineral, is not proper for the Nourifhment 
of every Plant. There may be, and doubt- 
lefs are, fome Parts in different Species of 
Plants, that may be much-alike, and fo owe 
their Supply to the fame common Matter; but 
*tis plain all cannot. And there are other 
Parts fo differing, that ’tis no ways credible 
they fhould be fornr’d all out of the fame fort 
of Corpufcles. So far from it, that there 
- want not good Indications, as we fhall fee by 
and by, that every kind of Vegetable requires 
a peculiar and fpecifick Matter for its For- 
mation and Nourifhment. Yea, each Part of 
of the fame Vegetable does fo ; and there aré 
very many and differeat Ingredients go to the 
Compofition of the fame  mdividual eet 
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_ If therefore the Soil; wherein any Vegetable 
or Seed is planted, contains all or moft of | 
thefe Ingredients, and thofe in due quantity, 
twill grow and thrive there; otherwife ’twill 
not. if there be not as many forts of Cor- 
-pufcles as are requifite for the Conftitution of 
the main and more effential Parts of the Plant, 
"twill not profper at all. If there be thefe, 
and not in fufficient Plenty, ’twill ftarve, and 
never arrive to its natural Stature: Or if 
there be any the lefs neceflary and effential’ 
-Corpufcles wanting, there will be fome Fai- 
lure in the Plant; *twill be defective in Tafte, 
in Smell, in Colour, or fome other-way. But 
tho’ a Tra& of Land may happen not to con- 
tain Matter proper for the Conftitution of 
fome one peculiar kind of Plant; yet it may. 
for feveral others, and thofe much differing 
among themfelves. The vegetative Parti- 
cles are commix’d and blended in the Barth, 
with all the diverfity and variety, as well as 
all the uncertainty conceivable. I have given 
fome Intimations of this elfe- © 9 > 
where ++, and fhall not repeat _ 1 Ne Hit. 
them here, but hope: in- due rats, Be 228 
time to put them into a much Oe 
better Light than that they there ftand in. 
_ Itis not poflible to imagine, how one uni- 
form, homogeneous Matter, having its Prins 
ciples or Original Parts all of the fame Sub- 
ftance, Conftitution, Magnitude, Figure, and 
Gravity, fhould ever conftitute Bodies fo e- | 
gregioufly unlike, in all thofe refpeéts, as Vee 
getables of different kinds are, nay, even as 
the different Parts of the fame Vegetable. 
That one fhould carry a refinous, another a 
& Q2 milky, 
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milky, a third a yellow, a fourtha red Juice, 
in its Veins; one afford a fragrant, another — 
an offenfive Smell; one be fweet to the Tafte, 
another bitter, acid, acerbe,auftere, ec. that 
one fhould be nourifhing, another poifonous, © 
one purging, another aftringent: In brief, 
that there fhould be that vaft difference in 
them, in their feveral Conftitutions, Makes, 
Properties, and Effects, and yet all arife from. 
the very fame fort of Matter, would be very 
ftrange. And, to note by the by, this Argu-~ 
ment makes equally ftrong againft thofe, who 
fuppofe meer Water the Matter out of which 
all Bodies are form’d. | | 
The Cataputia in the Glafs E received but 
very little Encreafe, only three Grains and 
an half all the while it ftood, tho” 2501 
Grains of Water were fpent upon it. I will 
not fay the reafon was, becaufe that Water 
did not contain in it Matter fit and proper 
for the Nourifhment of that peculiar and re- 
markable Plant. No, it may be the Water 
was not a proper Aedium for it to grow in 3 
and we know there are very many Plants that 
will not thrive in it. Too much of that Ei- 
quor, in fome Plants, may probably hurry the 
terreftrial Matter thorough their Veffels too 
faft for them to arreft and lay hold of it. Be 
that as it will, *tis moft certain there are pe- 
culiar Soils that fuit particular Plants. In 
England, Cherries are obferved to fucceed 
beft in Kent; Apples in Herefordfhire ; Saffron 
in Cambridgefbire ; Wood in two or three of 
our Midland Counties ; and Teazles in Somer- 
fet{hire. This is an Obfervation that hath 
held in all Parts, and indeed in all Ages . 
) the 
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the World. The moft ancient 
Writers of Husbandry * took ee. 
notice of it; and are not wan- 77" ae 
ting in their Rules for making -quos "Kei Rufti- 
choice of Soils fuited to the Na- ca Scriptores. 
ture of each kind of Vegetable 
they thought valuable, or worth propaga- 
ting. m, 7 | 

Bet, which is a further Proof of what I am 
here endeavouring to advance,that Soil that is 
‘once proper] and fit for the Production of fome 
one fort of Vegetable, does not ever conti- 
nue to be fo. “No, in Trac of time it lofes 
that Property; but fooner in fome Lands,and 
later in others: Thists what all who are con- 
verfant in thefe things know very well. H 
Wheat, for Example, be fown upon a Tract © 
of Land that is proper for that Grain, the 
-firft Crop will fucceed very well; and perhaps 
the fecond, and the third, as long as the 
Ground is in’ Heart, as the Farmers fpeak ; 
but in a few Years ’twill produce no more, if 
fowed with that Corn: Some other Grain in- 
deed it may, as Barly.. And after this has 
been fown fo:often, that the Land can bring 
forth no more of the fame, it may afterwards 
yield good Oats; and, perhaps, Peafe after 
them. At length ’twill become barren; the 
vegetative Matter, that at firft it abounded 
withal, being educed forth of it by thofe fuc- 
ceflive Crops, and moft of it born off.. Each 
fort of Grain takes forth that peculiar Mat- 
ter that is proper for its own Nourifhments 
Firft, the Wheat draws off thofe Particles 
that fuit the Body of that Plant; the reft ly- 
‘ing all quiet and undifturbed the while. . And 
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when the Earth has yielded up all then, thofe 
that.are proper for Barly, a different Grain, 
remain ftill behind, *till the fucceflive Crops 
of that Corn fetch them forth too. And fo 
the Oats, and Peafe, in their Turn 5. ’till in 
fine allis carried off, and the Earth in great 
-meafure drain’d of that fort of Matter. aq 
After all which, that very Tra& of Land 
fay be brought to produce another Series of 
the fame Vegetables; but never “till ’tis fup- 
plied with a new Fund of Matter, of like 
fort with thafit at firft contain’d. This Sup- 
ply is madé f{everal ways By the Grounds ly- 
ing fallow for fome time, ’till the Rain has 
pow’d down a frefh Stock uponit: Or, by 
the Tiller’s Cate in manuring of it. And for 
farther Evidence that thts Supply is in reality 
of like fort, we need only reflect a while upon 
thofe Manures that are found by conftant ex- 
perience beft to promote Vegetation; and thie 
-Fruitfulnefs of the Earth. Thefe are chiefly 
either parts of Vegetables, or of Animals ; 
which indeed either derive their own Nou- 
vifhment immediately from vegetable Bodies, 
or from other Animals that do fo. In parti- 
cular; the Blood, Urine, and Excrements of 
Animals; Shavings of Horns, and of Hoofs; 
Hair, Wool, Feathers; calcin’d Shells; Lees 
of Wine, and of Beer; Afhes of all forts of 
vegetable Bodies 3 Leaves, Straw, Roots, and 
Stubble, turn’d into the Earth by plowing os 
otherwife, torot and diflolve there: Thefe, 
I fayy are our beft Manures;:and, beimg ver 
getable Subftances, when refunded back agaim 
into the Barth; férve: for the Formation Of 
other like Bodies. | | 


Wot 
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Not wholly to confine-our Thoughts to the 
Fields, let us look a while into our Gardens; 
where we fhall meet with ftill further Confir- 
mations of the fame thing. The Trees,Shrubs, 
and Herbs.cultivated in thefe, after they have 
continued-in one Station, ’till they have deri- 
ved thence the greater part of the Matter fit 
for their Augment, will decay and degene- 
fate, unlefs cither frefh Earth, or fome fit 
Manure, be applied unto them. °Tis true, 
they may maintain themfelves there for fome 
time, by fending forth Roots further and fur- 
ther toa-great extent all round, to fetch in. 
more remote Provifion; but at laft all will 
fail ; and they muft either have a frefh Sup- 
ply brought to them, or they themfelves be 
removed and tranfplanted to fome Place: bet- 
ter furnifhed with Matter for their Subfiftence. 
Andaccordingly Gardiners obferve,that Plants 
that have ftood a great while in a Place, have 
Aonger Roots than ufual ; part of which they 
cut off, when they tranfplant them to a frefh 
Soil, as now not of any. further ufe to them. 
All thefe Inftances, to pafs over a great ma-~ 
ny others that might be alledged, point forth 
a particular terreftrial Matter, and not Wa- 
ter, for the Subje@ to which Plants owe their 


Increafe. Were it Water only,, there would 
‘be no need of Manures ; or of tranfplanting 
them from place to place. The Rain falls in 
all Places alike 5 in this Field and in that in- 
differently ; in one fide of an Orchard or Gar- 
den, aswell as another. Nor could there be 
any reafon, whya Tract of Land fhould yield 
‘Wheat one Year, and not the next ; fince the 
Rain fhowers down alike im each. Buti am 
| H 3 4 Senn bles 
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fenfible I have carried on this Article to too 
great a length ; which yet on fo ample and 
extenfive a Subjeét, ’twas not eafie to avoid. ~ 


5. Vegetables are not formd of Water ; but of 

(@ certain peculiar Terreffrial Matter. Yt hath 
been fhewn, that there is a confiderable Quan 
tity of this Matter contain’d both in Rain, 
Spring, and River-water: That the much 
greateft part of the fluid Mafs that afcends 
up Into Plants, does not fettle or abide there, 
but paffes through the Pores of them, and ex- 
hales up into the Atmofphere: That a great 
part of the terreftrial Matter, mix’d with 
_ the Water, pafles up into the Plant along 
with it; and that the Plant is more or lef 
augmented in proportion, as the Water con- 
tains a greater or finaller Quantity of that 
Matter. From al] which we may very reafo- 
nably infer, that Earth, and not Water, is the 
Matter that conftitutes Vegetables. The Plant 
in E drew up into it 2501 Grains of the fluid 
Mafs; and yet had received but Gr. 3 and a 
half of Increafe from all that. The Mint in 
L, tho’ it had at firft the difadvantage to be 
much lefs than that inI; yet being fet in Wa- 
ter wherewith Earth was plentifully mix’d, 
and that in I only in Water without any fuch 
additional Earth, it had vaftly outgrown the 
other, weighing at laft 145 Gr. more than that 
did,and fo having gain’d about twice as much 
as that had. In like manner that in K,tho’’twas 
a great deal lefs than when put in that in I, 
and alfo was impair’d and offended by Infeds; 
yet being planted-in Water wherein Earth 
was diflolved, whereas the Water in which é 
itood 
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ftood had none, it not only over-took, but 
confiderably furpafs'd the other; weighing at 
laft 29 Gr. more than that in I, and yet had 
not expended fo much Water as that by a- 
bove 2400 Gr. The Plant in N, tho’ at firft 
a great deal lefsthan that in Mj; yet being 
fet in the foul crafs Water that. was left in 
the Still, after that,in which M was fet, was 


~ drawn off, in Conclufion had gain’d in weight 


above double what that in the finer and thin- 
ner Water had. ‘The Proportion of the Aug- 
ment of that Plant that throve moft was, to 
the fluid Mafs fpent upon it, but as 1 to 46. 
In others, ’twas but as 1 to 60, 100, 200 35 
nay, in the Cataputia, ’twas but as 1 to 714. 


- ‘The Mint in B took up 39 Gr. of Water a- 


day, one day with another; which was much 
more than the whole weight of the Plant ori- 
ginally; and yet, with all this, it gain’d not 
one fourth of a Grain a-day in weight. Nay, 
that in H took up 253 Gr. a-day of the Fluid: 
which was near twice as much as its original 
weight,it weighing, when firft fet in the Wa- 
ter, but 127 Grains. And, after all, the 
daily Encreafe of the Plant was no more than 


Gr ears. 


6. Spring, and Rain-water, contain pretty near 
an equal Charge of vegetable Matter, River-wa- 
ter more than either of them. “The Plants in the 
Glailes A, B, and C, were at firft of much 
the fame fize and weight. At the End ofthe | 
Experiment, the Mint in A had gaimd 15 
Gr. out of 2558 Gr. of Spring-water 5 that in 
B,Gr. 17 and an half, out of 3004 Gr. of Rain- 


water; but thatin C had got 26 Gr. out of 


only 
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onls 2493 Gr. of River-water. I do not found 
this Propofition folely upomthefe Trials ; ha- 
ving made fome more, which I do not relate 
here, that agree well enough with thefe. So 
that the Proportions here delivered, -will hold 
for the main; but a ftri& and juft Compari- 
fon is hardly to be expééted. . So far from if, 
that-I make no doubt, but the Water that 
fallsin Rain, at fome times, contains. grea- 
ter fhare of terreftrial Matter than that which 
falls at others. A more powerful and intenfe 
Heat muft needs hurry iup a larger quantity 


of that Matter along with the humid Vapors ~ 


that form Rain, than one more feeble and 
remifs ever poflibly can. The Water of one 
Spring may flow forth with an higher Charge _ 
of this Matter, than that of another; this — 
depending partly upon: the quicknefs of the 
Ebullition of the Water, and partly upon the 
Quantity of that Matter latent in the Strata, 
through which the Fluid paffes, and the grea- 
ter or lefs laxity of thofe Strata.. For the 
fame reafon, the Water of one River may a- 
bound with it more than that of another. 
Nay, the fame River, when niuch agitated 
and in commotion, muft bear up more of it, 
than when it moves with lefs rapidity and vio- 
fence. That there is a great quantity of this 
Matter in Rivers; and that it contributes 
vaftly to the ordinary Fertility of. the Earth, 
we have an tlluftrious Inftance in the Nile, the 
Ganges, and other Rivers that yearly’ over- 
flow the neighbouring Plains. * Their Banks 
fhew the faireft and largeft Crops of any in 
the whole World. They are even loaded 
with the multitude of their Productions ; $3 
tha thofe 
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chofé who have not feen them, will hardly 
be induced to believe the mighty Returns 
thofe Tracts make in comparifon of others, 
that have not the Benefit of like Inunda- 
tions.) Hane credtid? acids vis Bhs 93 


—, Water ferves only for a Vehicle to the ter- 
reftrial Matter, which forms Vegetables, and 
does not it felf- make any addition unto them. 
Where the proper terreftrial Matter is. wan-— 
ting, the Plant is not auginented, tho’ never 
fo much Water afcend into it. “The Cataputiz 
in EB took up more Water than the Mint ia 
C, and yet had grown but very little, having 
received only three Grains and an half of ad- 
- ditional. weight ; whereas the other had re- 
ceived no lefs than twenty ft. Grains. . The 
Mint in I was. planted in the-fame fort of 
Water as that-in K was; only the latter had 
Earth diflolvedin the Water, and yet that 
drew off 13140 Gr. of the Water, gaining it 
felf no more than 139 Gr. in weight; where- 
asthe other took up but 10731 Gr. of the 
Water,and was augmented 168 Gr. in weight. 
Confequently that fpent 2409 Gr. more of the 
Water than this in K did, and yet was not 
fo much encreafed in weight as this by 29 Gr. 
The Mint in M ftoodin the very fame kind 
of Water as that in°N. did. But the Water 
tn M having much lefs terreftrial. Matter in 
it. than that uN. had, the Plant..bore up 
$803 Gr. of it, gaining it felfenly 41 Gr. the 
while ; whereas that in. N. drew, off no.more 
than 4344 Gr. and yet was augmented.g4:Gr. 
So that it fpent 4459 Gr. of. Water more than 
that did; and yet was not it felf fo much ia- 

END creafed - 
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creafed in weight, as that was by 53 Gr. This 
is both a very fair, and a very. conclufive In- 
ftance ; on which Account ’tis that I make 
oftner ufe of it. Indeed they areall fo; and 
to add any thing further on this Head, will 

~ not be needful. | 

~ *Tis evident therefore Water is not the 
Matter that compofes Vegetable Bodies. ’Tis’ 
only the Agent that conveys that Matter to 
them ; that introduces and diftributes it to 
their feveral Parts for their Nourifhment. 
That Matter is {lnuggifh and unattive, and 
would lye eternally confin’d to its Beds of 
Earth, without ever advancing up into Plants, 
did not Water, or fome like Inftrument, 
fetch it forth and carry it unto them. That 
therefore there is that plentiful Provifion,and 
vaft Abundance of it fupplied to all Parts of 
the Earth, isa mark of a natural Providence 
fuperintending over the Globe we inhabit ; 
and ordaining a due Difpenfation of that Flu- 
id, without the Miniftry of which the Noble 
Succeflion of Bodies we behold, Azimals, Ve- 
_ getables,and Minerals, would 
“+ Conf. Nat. Hift. beallata ftand +. But to 
Earth, p.47. &feq. keep to Plants, *tis mani- 
uti & p. 128, 6c. feft Water, as well on this, 
| as upon the other Hypo- 
thefis, is abfolutely neceffary in the Affair of 
Vegetation ; and it will not fucceed without 
it: Which indeed gave occafion to the Opi- 
nion, that Water it felf nourified, and was 
changed into vegetable Bodies. They faw, 
tho’ thefe were planted in a Soil never fo rich, 
fohappy, fo.advantageous, nothing came of 
it unlefs there was Water too in a confiderable 
7 | | quantity 


ee 
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quantity. And it muft be allow’d Vegetables 
will not come on or profper where that 1s 
wanting : But yet what thofe Gentlemen, inv 
ferr’d thence, was not, we fee, well groun- 


> ded. 


This Fluid is capacitated for the Office 


here affign’d it feveral ways: By the Figure 


of its Parts ; which, as appears from many 
Experiments, is exaGly and mathematically 


_ Spherical ; their Surfaces being perfectly po- 


lite, and withont any the leaft Inequalities. 
Tis evident, Corpufcles of fuch a Figure are 
eafily fufceptible of motion, yea, far above 
any others whatever ; and confequently the 


- moft capable of moving and conveying other 


Matter, that is not fo aéive and voluble. 
Then the Intervals of Bodies of that Figure 
are, with refped& to their bulk, of all others 
the largeft; and fo the moft fitted to receive 


_and entertain foreign Matter in them. Be- 


fides, as far asthe Trials hitherto made in- 
form us, the conftituent Corpufcles of Water 
are each fingly confider’d abfolutely folid ; 
and do not yield to the greateft external 
Force. This fecures their Figure againft any 
Alteration ; and the Intervals of the Corpuf- 
cles muft be always alike. By the latter, 
"twill be ever difpofed to receive Matter into 
it; and by the former, when once received, ” 
to bear it on along with it. Water is further 
capacitated to be a Vehicle to this Matter, by 
the tenuity and finenefs of the Corpufcles 
ofwhich it confifts. We hardly know any 
Fluid in all Nature, except Fire, whofe con- 
ftituent Parts are fo exceeding fubtle and 
{mall as thofe of Water are. They'll pafs 

Pores 
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Pores and Interftices, that neither Air nor — 
any other Flaid will. This enables them to’ 


enter the fineft Tubes and Veflels of Plants, — 


and tointroduce the terreftrial Matter,-con- 
veying it to all Parts. of them; whilft each, — 
by means of Organs ’tis endowed with for — 
the purpofe, intercepts and affumes into it 
felf fuch Particles as are fuitable to its own 
Nature, letting the reft pafs on through the 
common Ducts. Nay, we have almoft every 
where Mechantcal Inftances of much the fame. 
Tenor. ’Tis obvious to every one how eafily 
and fuddenly Humidity, or the Corpufcles 
of Water fuftained in the Air, pervade and 
infinuate themfelves into Cords , however — 
tightly twifted, into Leather, Parchment, 
Vegetable Bodies, - Wood, and the like. ‘This 
it is that fits them for Hygrometers; and to 
meafure and determine the different quanti- 
ties of Moifture in the Air, in different Pla- 
cesand Seafons. How freely Water pafles 
and carries with it terreftrial Matter, through 
Filtres, Colatures, Diftillations, @c. hath 
been intimated already. 


3. Water w not capable of performing this Of- 
fice to Plants, unlefs affifted by a due Quantity of 
Heat , and thts muft concur, or Vegetation will 
not fucceed. ‘The Plants that were fet in the 
Glafles Q, R, S, c. in Odober, and the fol-. 
lowing colder Months, had not near the quan- 
tity of Water fent up into them, or fo great 
an additional Encreafe by much, asthofethat 
were fet in Fune, Fuly, and the hotter. *Tis 
plain Water has no power of moving it felt; 
or rifing to the vaft height it does in the oe 
ie ta 
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tall and lofty Plants. So far from this, that 
it does not appear from any Difcovery yet 
made, that even its own Fluidity confifts in 
the inteftine motion of its Parts 5; whatever 
fome otherwife’ very learned and prOWnNS 

Perfons may have thought. There’s no nee 
_ of any thing more, for folving all the Pheno- 
mena of Fluidity, than fuch a Figure and Dif- 
pofition of the Parts, as Water has. Cor- 
pufcles of that make, and that are all abfo- 
lutely Spherical, muft ftand fo very tickle and 
nicely upon each other, as to be fufceptible 
of every Impreflion; and, tho’ not perpetu- 
ally in motion, yet muft be ever ready and 


_. table to be put into it, by any the flighteft © 


Force imaginable. It is true, the Parts of 
Fire or Heat are not capable of moving them- 
felves any more than thofe of Water; but 
they are more fubtil, light, and active, than 
thofe are, and fo more eafily put into motion. 
In fine, tis evident and matter of Fa&, that 
Heat does operate upon, and move the Wa- 
ter, in order to its carrying on the Work of 
Vegetation: But how ’tis agitated it felf, and 
where the motion firft begins, this is no fit 
Place to enquire. 
That the Concourfe of Heat in this Work 
is really néceflary, appears, not only from 
the Experiments before us, but from all ‘Na- 
ture from our Fields and Forefts, our Gar- 
dens and our Orchards. We fee in Autumn, 
as the Sun’s Power grows gradually lefs and 
lefs, fo its Bffeéts on Plants is remitted, and 
their Vegetation flackens by little aud little. 
. Its Failure is firft difternible in Trees. Thefe 
are raifed higheft above the Earth ; and re- 
quire 
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“quire a more intenfe Heat to elevate the Wa- — 
ter, charged with their Nourifhment, to the — 
Tops and Extremeties of them. So that for — 
want of frefh Support und Nutriment, they 
fhed their Leaves, unlefs fecured by a very 
firm and hardy Conftitution indeed, as our 
ever-Greens are. Next the Shrubs part with 
theirs ; and then the Herbs and lower Tribes; | 
the .Heat being at length not fufficient to 
fupply even thefe, tho’ fo near the Earth, the 
Fund of their Nourifhment.. As the Heat re- 
turns the fucceeding Spring, they all recruit 
again; and are furnifh’d with frefh Supplies 
and Verdure: But firft, thofe which are low- 
eft. and neareft the Earth, Herbs, and they 
that require a leffer degree of Heat to raife 
the Water with its Earthy Charge into them: 
Then the Shrubs and higher Vegetables in 
their Turns; and laftly, the Trees. As the 
Heat increafes, it grows too powerful, and 
hurries the Matter with too great Rapidity 
thorough the finer and more tender Plants ; 
Thefe therefore go off, and decay 5 and others 
that are more hardy and vigorous, and require 
a greater fhare of Heat, fucceed in their Or- 
der. By which Mechanifm, provident Na- 
ture furnifhes us with a very various and dif- 
fering Entertainment; and what is belt fuited 
to each Seafon, all the Year round. 

As the Heat of the feveral Seafons affords 
us a different Face of Things ;. fo the feveral 
diftant Climates fhew different Scenes of Na- 
| ture, and Produdtions of the 

* Conf. Nat. Earth*. The Hotter Coun- 
Hift, Earth, Pag. tries yield ordinarily the lar- 
267. & feq. geft and talleft Trees; and 
: TeSaateeeeety cs thofe 
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thofe in too’much preater variety than the 
colder ever do. Even thofe Plants which are 
_ common to both, attain to 4 much greater 
Bulk in the Southern than in the Northern. 
Climes. Nay, there are fome Regions fo 
bleak and chill, that they raife no Vegeta- 
bles at.all to ‘any confiderable fize. ‘This we 
learn from Greenland, from Ifland, and other 
Places of tike cold ‘Site and Condition. In 
 thefe no Tree ever appears , and the very 
Shrubs they afford, are few, little, and low. 
-- Againy in the warmer. Climates, and fuch 
as do farnifh forth Trees and’ the: larger Ve- 
getables, if there happen a remiflionor dimi- 
‘nution of. the ufual Heat, their Productions 
will be impeded and diminifhed in proportion. 
Our late Colder Summers have given us proof 
enough of this. For tho’ the Heat we have 
had y was fafficient to raife the vegetative 
IVlatter into the lower Plants, into our Corns, 
our Wheat, Barly, Peafe, and the like; and 
we have had ‘plenty of Straw-berries, Ras- 
berries, Currans, Goosberries, and the Fruits 
of fuch other Vegetables as are low and near 
the Earth: Yea, and a moderate ftore of 
_ Cherries, Mulberries, Plumbs, Filberts, and 
- fomeothersthat grow , 


_ fomewhatata greater 
Height; yet our Ap- 
ples, our Pears, Wal- 
nuts, and the Produ- 
tions of the taller -- 
Trees have been few- 
er, and thofe not fo 
kindly, fo thoroughly 
ripen’d, and brought 
tothatPerfecion they 


* The Dwarf-Apple and 
Pear-trees have fucceeded bet= 
ter. And indeed in Trees of 
the [ame kind, thofe that keep 
clofeft to the Earth always 
produce the moft and beft 
Fruit. For which Reafon tis 
that the Gardiners check and 
reftrain the Growth of their 
better Fruit-trees, and pre- 
vent their running up to +00 
great a Height. 


R were 
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- were in the former more benign and. warm~_ 
Seafons. . Nay,’even the lower Fruits. and. — 
Grains have had fome fhare in the common — 
Calamity ; and fallen fhort both in Number 
and Goodnefs of what the hotter and kinder 
Seafons were wont to fhew us.. As to our 
‘Grapes, Abricots, Peaches, Neétarins, . and 
Figs, being tranfplanted hither out of hotter. 
Climes, *tis the lefs wonder we have of late 
had fo general a Failure of them. 

Nor is it the Sun, or the ordinary emiffion 
of the Subterranean Heat only, that promotes 
Vegetation ,; but any other indifferently, ac- © 
cording to its Power and Degree: This we 
are taught by our Stoves, hot Beds, and the 
like. All Heat is of like kinds and where- 
ever is the fame Caufe, there will be con- 
ftantly the fame Effeét. There’s a Procedure 
in every part of Nature, that is perfe@ly re- 
gular and geometrical, if we can but find. it 
out ; and the further our Searches carry us, 
the more fhall we have occafion to. admire this, 
' and the better "twill compenfate our Induftry. | 
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dn Account of the Meafure of the 
thickne[s of Gold upon Galt Wire 5 
together with a Demoufiration of 
the exceeding Minutenefs of the 
“Atoms or conftituent Particles of 
Gold; as ut was read before the 
_R. Society, dy E. Halley. 


| Wat are the conftituent parts of 

¥ ¥ Matter, and how there comes to be 

fo great a diverfity in the weight of Bodies, 
to all appearance equally folid and denfe, fuch 
as are Gold and Glafs , (whofe fpecifick Gra- 


_vities are nearly as 7 to 1) feems a very hard. 


Queftion to thofe that fhall rightly confider 
it: For from undoubted Experiment, Gra- 
vity is in all Bodies proportionable to the 
quantity of Matter in each; and there is no 
fuch thing as a propenfion of fome more, o- 
thers lefs, towards the Earth’s Center; fince 
the Impediment of the Air being removed, all 
Bodies defcend, be they never fo loofe or 
compact in texture, with equal Velocity. It 
follows therefore, That there is 7 times as 
much Matter in Gold, asin a Piece of Glafs 
of the fame Magnitude ; and confequently, 
that at leaft fix parts of feven in the Bulk of 
of Glafs, muft be Pore or Vacuity: This fome 
_ Favourers of the Atomical Philofophy have 

| | i endea- 
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endeavoured to folve, by fuppofing the pri- 
mary or conftituent Atoms of Gold to be much 
larger than thofe of other Bodies, and confe- 
quently the Pores fewer; whereas in other 
Bodies, the great multitude of the interfper- 
fed Vacuities does diminifh their Weights. 
Being defirous to examine this Notion of 
the Magnitude of Atoms of Gold, I bethought 
my felf of the extreme DuGility of that Metal, 
which is feen in the beating of it into Leaf, 
and above all in the drawing fine Gilt-wire, 
by means whereof, 1 believed I might moft 
exactly obtain the true thicknefs of the Coat 
of Gold, that appears, even with the Micro- 
fcope, fo well to reprefent Gold it felf, that 
not the leaft point of Silver appears through 
it. Inorder to this, I inform’d my felf a- 
mong the Wire-drawers, what Gold they 
us’d toxtheir Silver ; and they told me, that 
the very beft double Gilt Wire was made out 
of Cylidrick Ingots, 4 Inches in Circumfe- — 
rence, and 28 Inches long, which weigh 16 
Pounds Troy ; on thefe they beftow 4. Ounces 
of Gold, that is, to every 48 Ounces of Silver . 
one of Gold ; and that two Yards of the fu- 
per-fine Wire weighsa Grain.. Hence at firft 
fight it appear’d, that the length of 98 Yards - 
is in weight 49 Grains, and that a fingleGrain 
of Gold covers the faid 98 Yards, and that 
the 1o00oth part of .a Grain is above 3 of an 
Inch long ; which yet may be: actually divi- 
ded into10, and fo the roocecth part of a 
Grain of. Gold be vifible without a Micro- 
{cope. But being defirous to compute the 
thicknefS of the Skin of Gold, by means of 
the {pecifick Gravities of the Metals, es 
Silver 


> 
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Silver 101, and Gold 183, I found the Dia- 
meter of fuch Wire the ;3¢ part of an Inch, 
and its Circumference the .¢; part ;_ but the 
Gold in thicknefs no to exceed the s3z500 
part ofan Inch; whence it may be concluded, 
that the Cube of the hundreth part of an Inch 
would contain above 2433000000, (or the — 
Cube of 1345) of fuch Atoms. And it may 
likewife be marvelled at, that Gold being 
ftretcht to fo great a degree asis here demon- | 
ftrated, fhould yet fhew it felfof fo even and 
united a Texture, as not to let the white Co- 
lour of the Silver under it appear through 
any the leaft Pores; which argues, that even 
in this exceeding thinnefs very many of thofe 
~ Atoms may ftill lie one over the other: » 
Which is a Confideration may merit the 
Thoughts of this Honourable: Society, as 
tending to examine that renowned Atomical 
Do@rine , which has of late much obtained 
 amfong the Learned. © aii 
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An Account of the feveral Species 

- of Infinite Quantity, and of the 
Proportions they bear one to the 
‘other, as it was read before the 
Royal Society, 4y. E. Halley, 


WHAT «all Magnitudes infinitely great, 
& or fuchas exceed any aflignable Quan- 
tity, are equal among themfelves, though it 
it. be vulgarly received ‘for a) Maxim, is not 
yet fo common. as it is erroneous; and the 
reafon of the miftake feems to. be, That the 
‘Mind of Man, coming to contemplate the 
Extenfions of what exceeds the bounds of its 
Capacity, and of which the very Idea does 
_ include a negation of Limits; it comes to 
pafs that we acquiefce generally, and it fuffi- 
ces to fay fuch a Quantity is infinite. 

But if we come more nearly to examine 
this Notion, we fhall find, that there are re- 
ally befides infinite Lezgth and infinite -drea, 
no lefs than Three feveral forts of infinite So- 
lidity ; all of which are Quantitates [ui generis, 
having no more relation or proportion the one 
to the other, than a Line toa Plane, ora 
Plane toa Solid, or a Finite to an Infinite: 
But that among themfelves, each of thofe 
Species of Infinites are in given Proportions, — 
is what I now intend to make plain, if pol- 
fible, ; 

But 
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- But firft, infinite Length, or a Line infi- 
nitely long, is to’be confidered ‘either as be= 
ginning at a Point, and fo infinitely extended 
one way, or elfe both ways from the fame 
Point ; in which cafe the one, which isa be- 
ginning Infinity, is the one halfof the whole, 
_ which is the Summ of the beginning and cea- 
fing Infinity; or, as I’ may fay, of Infinity, 
aparte ante and a parte poft > Which is analo- 
gous to Eternity in time or duration, in which 
there is always as much to follow as is paft, 
from. any point or moment of Time: Nor 
doth the Addition or Subduction of finite 
Length or Space of time alter the cafe’ either 
‘in Infinity or Eternity, fince both the one or 
the other cannot be any part of the whole. 
~ As'to infinite Surface or Area, any right 
Line, infinitely extended both ways on 
-an infinite Plane, does divide that infinite © 
_ Plane into equal Parts; the one to the right, ~ 
and the other to the left of the faid Line; But 
if from any Point in fuch a Plane, two right 
‘Lines be infinitely extended, fo as to make an 
‘Angle, ‘the infinite Area, intercepted be- 
tween thofe infinite right Lines, is to the 
whole infinite Plane, as the Arch of a Circle, 
_ onthe Point of Concourfe of thofe Lines, as a 
+ Centre, intercepted between the faid Lines, 
isto the Circumference of the Circle ; or as 
the Degrees of the Angle to the 360 Degrees 
ofa Circle. For Example, two right Lines 
_ Meeting at a right Angle do include, on an 
_ infinite Plane, a quarter part of the whole in- 
‘finite Area of fuch a Plane. | 
But if fo be, two parallel infinite Lines be 
 fappofed drawn on fach aninfinite Plain, the 
| ae 7 - Area 
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Area intercepted between them will. be: like- 
wife infinite ; but at the fame time will be in- 
finitely lefs, than that Space which is -inter- 
cepted between two infinite Lines that. are in- 
clined, tho’ with never fo, fmall an Angles 
for that in the one Cafe, the given finite di- 
ftance of the parallel Lines diminifhes the In- 
finity in ‘one Degree of Dimenfion ; whereas 
in a Sector, there is Infinity in both.Dimen- 
fions ; and confequently, the Quantities are 
the one infinitely greater than the ether, and 
there is no proportion between them. 

From the fame Confideration arife: the 
Three feveral Species of, infinite Space or 
Solidity, as has been faid ; for a Parallelepi- 
pide, or a Cylinder, infinitely long, is grea- 
ter than any finite Magnitude how great foe- 
ver; and all fuch Solids fuppofed to be formed 
on given Bafes, are as thofe Bafes, in propor- 
tion to one another. But if two of. thefe 
three Dimenfions are wanting, as in the {pace 
intercepted between two parallel Planes, infi- 
nitely extended, and at a finite diftance; or 
with infinite Length and Breadth, with a. fi- 
nite Thicknefs; All fuch Solids fha!l be as the 
given finite diftances one to another: But thefe 
Quantities, tho’ infinitely greater, than the 
other, are yet infinitely lefs than any of thofe, 
wherein all the three Dimenfions are infinite. 
Such are the Spaces intercepted. between two 
inclined Planes infinitely extended 5 the 
Space intercepted by the Surface of a Cone, 
or the fides of a Pyramid likewife infinitely 
continued, ec. of all which notwithftanding, 
the Proportions one to another, and. to the 
ro 7a or vaft Abyfs of infinite Space (where- 

eek a8 ia 
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in is the Locas of all things that are or can be; 
or to the Solid of infinite Length, Breadth, 
and Thicknefs, taken all manner of ways) are | 
eafily affignable. For the Space between two 
Planes, is to the whole, as the Angle of thofe 
Planes to the 360 Degrees of the Circle. As 
for Cones and Pyramids, they are as the Sphe- 


tical Surface, intercepted by them, is to the 
Surface of the Sphere ; and therefore Cones 
-areias the verfed Sines of half their Angles, 


to the Diameter of the Circle: Thefe three 
forts of infinite Quantity are analogous to 
a Line, Surface and Solid, and after the fame 
manner cannot be compared, or have any pro- 


_ portion the one to the other. 


Befides thefe, there are feveral other Spe- 
cies of infinite Quantity. arifing from: the 
Contemplation. of Curves, and their Afym- 
ptotes 5. which, by reafon of the difficulty of 
the Subjea&t, cannot be made fo plain to, moft 
Readers: But what has, been. already. faid, 


may be: fufficient, to. evince what.we;under- 


took to explaine 3g) 
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Lin Accomt of Dr. Robert 
Hook's Invention of the Marine 
Barometer, with tts Defeription 
and Ufes,’ publifbed by order of 
» the R. Society, by E. Halley, R. 
SoS. © : eae 


Ince it was found that the Torricelian Tube, 

J commonly called the Afercurial Barometer, 
by the rifing and falling of the Ouick-filver 
therein, doth prefage the Changes of the Air, 
in relation to fair and foul Weather; upon 
feveral Years obfervation of it, it has been 
proved and adjufted for that'purpofe ‘by Dr. 
Robert Hook; and there have been by him ma- 
ny attempts toimprove the Inftrument, and 
render the Minute Divifions on the Scale 
thereof more fenfible. Healfo judging that 
it might be of great ufe atSea, contrived fe- 
veral waysto make it ferviceable on Board 
Ship; one of which he explained tothe R. So- 
‘every at their weekly Meeting in Grefham Col- 
ledge, Fanuary 2.166%. fince which time he 
hath further cultivated the Invention, aad 
fome Years ago produced before the {aid Svei- 
ety, the Inftrument I am now to defcribe, 
which for its fubtilty and ufefulnefS, feemeth 
to 
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to furpafs all other performances of the like 
Be NAEET Ge fh cae Wind ou Alin noted poke 

_ ?Till fuch time as the Authors’ prefent In- 
. difpofition will give him leave. to beftow free- 
- Iy-his Thoughts on this Subjet upon the Pub- 
lick, it is the Opinion of the Society, that 
-fach an account be given of this Contrivance, 
as may render it known, and recommend it 
tothe Mariners ufe, for which it was princd- 
PAIGE oot accrieag ca 
The Mercurial Barometer requiring a pet- 
pendicular Pofture, and the Quick-filver vi- 
brating therein with great violence upon any 
Agitation, is therefore uncapable of being 
ufed at Sea (though it hath lately been con- 
trived to be made portable), fo it remained 
‘to find out fome other Principle, wherein the 
Pofition of the Inftrument was ‘not fo indif- 
-penfably neceffary: For this, all thofe that 
_ufe the Sea are obliged to the great facility 
_ Dr. Hook has always fhewn, in applying Phi- 
‘Tofophical Experiments to their proper ufés. 
- Ttis about forty Years fince, that the Ther- 
.mometers Of Robt. de Fluitibus, depending ‘on 
the Dilatation andContraction of included Air 
by Heat and Cold, have been difuifed, upon 
__.difcovery that the Airs prefliire is unequal ; 
_ that inequality mixing itfelf with the ‘effeéts 
of the warmth of the Air in that Inftruméut. 
And inftead thereof was fubftituted the feal’d 
Thermometer, including Spirit of Wine’ (firlt 
brought into Exgland, out of Italy, by Sir Ro- 
“bert Southwell) as a proper Standard of the 
temper of the Air in relation to Heat and 
Cold; that Atherial Spirit being of all the 
known Liquors the moft fufceptible of Dilata- 


tion 
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tion and Contraction, efpecially with amo-— 
derate degree of either Heat or Cold. Now 
this being allowed asa Standard,. and the o- 
ther Thermometer that includes. Air being gra- 
duated with the fame Divifions, fo as at the 
‘time when the Air was included, to agree with 
the Spirit-Thermometer in all the degrees of 
Heat and Cold, noting at the fame time the 
precife height of the Azercury in the common 
Barometers: It will readily be underftood, 
that whenfoever thefe two Thermometers fhall 
agree, the preflure of the Airis the fame it 
was, when the Air was included and the In- 
ftrument graduated: That if in the Air-Ther- 
mometer the Liquor ftand higher than the Di- 
vifion° marked thereon , correfponding with 
that on the Spirit-glafs, it is an indication 
that there is a greater preffure of the Air at 
that time, than when the Inftrument was gra- 
duated. And the contrary is to be concluded 
when the Air-glafs ftands lower than the Spi- 
rit, vz. that then the Air is fo much lighter, 
and the Quick-filver in the ordinary Barometer 
lower than at the faid time of Graduation. 
And the fpaces anfwering to an Inch of 
Mercury will be more or lefs, according to the 
quantity of Air fo included, and the fmallnefs 
of the Glafs Cane, in which the Liquors rifes 
and falls, and may be augmented almoft in a- 
ny proportion, under that of the fpecifick 
Gravity of the Liquor. of the. Thermometer to 
Mercury. So as to have a Foot or more for. 
an Inch of Mercury, which is another great 
convenience. “ 


es 
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~ Ithas been obferved. by fore, that in long 
keeping this Inftrument, the Air included ¢1- 
ther finds 4 means to efcape, or depofitesfome 


-Vapours mixt with it, or-elfe for fome other 
-caufe becomes lefs Elaftick, whereby, in pro- 


cefs of time, it gives the height of the AZer- 
cury fomewhat greater than itought, but this, 
if it fhould happen in fome of them, hinders 


- not the ufefulnefs thereof, for that it may at 


any time very eafily be corrected by ex erl- 
nent, and the rifing and falling thereof are 
the things chiefly remarkable in it, the juft 
height being barely a Curiofity. | | 

In thefe parts of the World, long experi- 
ence has told us, that the rifing of the AZr- 
cury forebodes fair Weather after foul, and an 
Bafterly. or Northerly Wind; and that the 
falling thereof, on the contrary fignifies South- 
erly or Wefterly Winds, with Rain, or ftor- 
my Winds, or both; which latter itisof much 


more confequence -to provide again{ft at Sea 


than at Land; and ina Storm, the Mercury 
beginning torife is a fure fign that it. begins 
to abate, as has been,experienced in high La- 
titudes both to the Northwards and South- 
wards of the Aiquator. | by ) 
The Form of this Inftrument is fhown in 
the Cut by Tab. 4. Fig.1. wherein, 

AB reprefentsthe Spirit-Thermometer, gra- 
duated from o, or the freezing Point, through 
all the poflible degrees of the Heat or Cold 
of the Air, at leaft in thefe Climates. | 
C D is the Air-Thermometer, graduated af- 
ter the fame manner with the like Degrees. 


EF 
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_EF isa Plate applied tothefide of the Ther- 
mometer CD, graduated into {paces anfwering 
to. Inches and parts of an Inch of Mercury, 
in the common Barometers. | 

_G, a Hand. ftanding on the Plate at the 
height of the Aercury thereon, as it was when 

the Inftrument was eraduated, as fuppofe here 
at.292 Inches. | eee aA = 

LM a Wire on which the Plate EF flips 
up and down, parallel to the Cane of the Ther- 
mometer CD. ey | 

»K, any Point at which the Spirit ftands at 
the time of obferyation; fuppofe at 38 
on the Spirit-Thermometer, Slide the Plate 
EF ’tiJl the Hand G ftand at 38 on the Air- 
Thermometer, and ifthe Liquor therein ftand 
at 38 likewife, then is the preflure of the Air 
the fame as at the time of Graduation, wx. 
29,5; butifit ftand higher, as at. 30, atI; 
then is the preflure of the Air greater; and 
the diyifion on the fliding Plate againft the 
Liquor, fhews the prefent height of the 4Zr- 
cury to be twenty nine Inches feven Tenths. 
And this may fuffice as to the manner of ufing 
je eee , 


; 


Thad one of thefe Barometers with me in 
my late Southern. Voyage, and it never fail-— 
ed to prognoftick and give early notice of all 
the bad Weather we had, fo that I depended 
thereon, and made provifion accordingly 3 — 
and from my own experience I conclude, that 
a more ufeful contrivance hath not for this 
longtime been offered for the benefit of Na- 


Vigatlon,.- 


Thefe 
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_ Thefe Inftrumentsare made according to the 
Direction of Dr. Hook, by Mr. Henry Hunt, 
Operator to the Royal Society, who will fur- 
nifh any Gentlemen with them, and givethem 

- directions how to ufe them. | Da 
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A Difcourfe concerning the Propor- 
tional Heat of the Sun in all La- 
titudes, with the Method of col- 
lecling the fame, as it was read 
before the Royal Society in one of 
their late Meetings. By E. Hal- 
ley. 7 


Here having lately arifen fome Difcourfe 
‘A. about that “part of the Heat of Wea- 
ther, fimply produced by the Action of the 
Sun; and | having affirmed, that if that 
were confidered, as the only Caufe of the 
Heat of the Weather, I faw no reafon, but 
that under the Pole the folftitial Day ought 
to. be as hot as it is under the Aquinoétial, 
when the Sun comes vertical, or over the 
Zenith: For this reafon, that for all the 24 
Hours of that Day under the Pole, the Sun’s 
Beams are inclined to the Horizon, with an 
Angle of 233 Degrees; and under the Aqui- 
noctial, tho’ he come vertical, yet he fhines 
no more than 12 Hours, and is again 12 
étours-abfent ; and that for 3 Hours-8-Min. 
of that 12 Hours, he is not fo much elevated 
as under the Pole ; fo thathe isnot 9 of the 
whole 24 higher than ’tis there, and is1§ 
Hours lower. Now the fimple Action of the — 
‘Sun is, as all other Impulfes or Stroaks, more 

| or 


= 
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or els ‘forceable, according to the Siu of 
thé Angle of Incidence, or to the Perpendi- 
cular let fall on the Plain, whence the verti- 
‘cal Ray (being that of the greateft Heat) be- 
dng, put Radia, the force of the Sun on the 
fiorizontal Surface: of the Earth will be to 
that, as the Sis of the Sun’s Altitude at any’ 
other time. This being allowed for true, it 
will then follow, that the time of the con- 
tinuance of the Sun’s fhining being taken for 
‘a Bafis, and the Sives of the Sun’s Altitudes 
erected thereonas Perpendiculars, anda Curve 
drawn through the Extreamities of thofe Per- 
pendiculars, the Area comprehended fhall be 


_ proportionate to the Collection of the Heat 


of all the Beams of the Sun in that fpace of 
time. Hence it will follow, that under the 
Pole the ColleGion of all the Heat of a tropi- 
cal Day, is proportionate to a Rectangle of 


_ ‘the Size of 233 gr into 24 Hours or the Cir- 


cumference of a Circle; that is, the Sive of 
23: er. being nearly 4 Tenths of Radius ; as 
into tz Hours, °Or the Polar Heat isie:. 
qual‘to that of the Sun containing 14 Hours 
above the Horizon, at 53 gr. height, than 
which the Sun Is not 5 Hours more elevated 


_ under the Aquinoctial. 


- But that this Matter may the better be un- 
derftood, I have exemplied it bya Scheme 
(Tab.4.Fiz.2.) wherein the Area ZG H H,ise- 
qual to the 4rea of all theSives of theSun’s Al- 
titude under tlie Aquinodtial, erected on the 


_ refpective Hours from Sun-rife to the Zenith ; 


4 


andthe AreaS HH s isin the fame por- 
_ portion to the Heat of the fame 6 Hours un- 
wer the Pole on the Tropical Day ; and © 


* 3 
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H H Q, is proportional to the colle&ted Heat — 
of 12 Hours, or half a Day under the Pole, 
which fpace @ H HQ is vifibly greater than — 
the other Area H ZG H, by as muchas the ~ 
Area HG Q is greater than the Area Z.G_Os_ 
which, that it is fo, is, vifible to fight, bya 
great excefs ; and fo muchin proportion does 
the Heat of the 24 Hours Sun fhine under the - 
Pole, exceed that of the twelve Hours under 
the Aquinoctial : Whence, Ceterss paribus, itis 
reafonable to conclude, that were the Sun 
perpetually under the Tropick, the Pole would 
be at leaft as warm, as itis now under the - 
Line itfelf. | Tanth aces 
But whereas the Nature of Heat is to re- 
main in the Subject, after the Caufe that heat- 
ed.is removed, and particularly in the Air; 
under the Aquinodtial, the twelve Hours ab- 
fence of the Sun does very little ftill the Mo- 
tion impreffed by the paft.Acion of his Rays, — 
wherein Heat confifts, before he arife again : 
But under the Pole the long abfence of the © 
for 6 Months, wherein the extreamity of . 
Cold does obtain, has fo chilled the Air, that 
it is asit were frozen, and cannot, before 
the Sun has got far towards it, be any way 
fenfible of his prefence, his Beams being ob- 
ftructed by thick Clouds, and perpetual Foggs 
and Mitts, and by that Atmofphere of Cold, 
as the late Honourable Mr. Boyl was pleafed 
to term it, proceding from the everlaiting Ice, 
which in immenfe Quantities, does chill the 
Neighbouring Air, and which the too foon 
retreat -of the Sun leaves unthawed, to en- 
creafe again, during thelong Winter that fol- 
lows this fhort interval of Summer. But the 
, | . differing 
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differing Degrees of Heat and Cold in differ- _ 
ing Places, Jesu in great meafure upon the 
Accidents of the Neighbourhood of high 
Mountains, whofe height exceedingly chills 
theAir brought by the Winds over them; and 
_ of the Nature of the Soil, which varioufly re- 
tains the Heat, particularly the Sandy, which 
in Africa, Arabia, and generally where fuch 
Sandy Defarts are found, do make the Heat | 
_of the Summer incredible to thofe that have 
Bot Clit. ay, ac We? : 
_ In the profecution of this firft Thought, I 
have folved the Problem generally, viz. to 
_ give the proportional Degree of Heat, or the 
fum of all the Sizes of the Sun’s Altitude, 
while he is above the Horizon in any oblique 
Sphere, by reducing it to the finding of the 
Curve Surface of a Cylindrick Hoof, or of a 
given part thereof. | . | 
Now thisProblem is not of that difficulty as 
appears at firft fight,for in Tab.4.Fig. 3. let the 
_ Cylinder ABCD be cut obliquely with the El- 
lipfe BKDI, and by the Center thereof H, de- 
 feribe the Circle IKLM ; 1 fay, the Curve 
Surface IKLB is equal to the Rectangle of IK 
and BL, or of HK and 2 BL or BC: And if 
there be fuppofed another Circle, as NQPO, 
cutting the faid Ellipfe in the Points P, Q; 
draw PS, QR, parallel to the Cylinders Axe, 
till they meet with the aforefaid CircleIKLM 
in the Points R, S, and draw the Lines wis, 
OVP bifected in T and V. I fay again, that 
the Curve Surface RMSQDP is equal to the 
Rectangle of BL or MD and RS, or of 2 BL 
_ or AD and ST or VP; and the Curve Surface 
QNPD is equal to RS « MDe-«-the Arch 
: 32 RMS 


- 
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RMS « SP, or the Arch MS « 2 SP: Or it is 
equal to the Surface RMSQDP, fubftrading 
the Surface RMSQNP. So likewife the Curve 
Surface QBPO is equal to the fum of the Sur- 
face RMSQDP or RS « MD, and of the Sur- 
face RLSQOP, or the Arch LS x 2 SP. 
This is the moft eafily demonftrated from 
the Confideration, That the Cylindrick Sur- 
face IK LBis to the infcribed Spherical Surface 
IKLE, either in the whole, or in its Analo- 
gous Parts, as the tangent BL is to the Arch 
EL, and from the Demonftrations of Archi- 
medes de Sphera & Cylindro, Lib. 1. Prop. xxx. 
and Xxxvir. xxx11x. which I fhall not repeat 
here, but leave the Reader the pleafure of 
examining it himfelf; nor will it be amifs to 
confult Dr. Bzarrow’s Learned Le€tures on that 
Book, Publifhed at London, Anno. 1684, viz. 
Probl. 1x. and the Corollaries thereof. 
Now to reduce our Cafe of the Sum of all 
the Sizes, of the Sun’s Altitude in a given De- 
clination and Latitude to the aforefaid Pro- 
blem,let us confider (Tab.4. Fig.4.) which isthe 
Analenma projeQed onthe Plain oftheA£eridi- 
an, Zthe Zenith, P the Pole, HH the Hori- 
zon, 2x the Aqninodtial, s 3, w vw the 
two-Tropicks, @ I the Size of the Meridian 
Altitude ins; and equal thereto, but per- 
pendicular to the Tropick, ere& 1, and 
draw the Line Tr interfecting the Horizon 
in VY, and the Hour Circle of 6, in the Point 
4, and 6 4 fhall be equal to 6R, orto the Sime 
ofthe Altitude ato: And the like for any o- 
ther Point in the Tropick, erecting a Perpen- 
dicular thereat, terminated by the Line T 1: 
Through the Point 4 draw the Line 4 57 see 
? alle 
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allel to the Tropick, and reprefenting a Cir- 
cle equal thereto ; then fhall the Tropick & 3% 
in Fig.°4. anfwer to the Circle NOPQ, In 
Fig. 3. the Circle 457 fhall anfwer the Circle 
‘IKLM, T 4 1 fhall anfwer to the Blliptick 
‘Segment QIBKP, 6 R or 6 4 fhall anfwer to 
‘SP, and 51 to BL, and the Arch s T, to 
the Arch LS, being the femidiurnal Arch in 

that Latitude and Declination; the Sze where- 
of, tho’ not expreflible in Fg.4. muft be con- 
‘ceived as Analogous to the Line TS or UP in 
| “The Relation between thefe two Figures be- 
 -ing well underftood, it will follow from what 
precedes, That, the'fum of the Sines of the A4e- 
‘ridian Altitudes of the Sun in the two Tropicks, 
(and the like for any two oppofite Parallels ) being 
multiplied by the Sine of the femidiurnal Arch, 
will give an Area Analogous to the Curve Surface 
RMSO DP; and thereto adding in Summer, 
or fuoftratting in Winter, the Produtt of the 
length of the femidiurnal Arch, (taken according 

to Van Ceulen’s Numbers) into the difference of 

the above-faid Sines of the Meridian Altitude : 

The fum in one cafe and difference in another fhall 

be as the Aggrecate of all the-Sines ofthe Suj?s 
Altitude, during -his appearance above the Hovi- 

zon and confequently of all bis Heat dnd Attion 

onthe Plain of the Horizon in the propofed Day. 

And this may alfo be extended to the parts 

of the fame Day; for if the aforefaid Sum of 

the Sizes of the Meridian ‘Altitudes, be mutl- 

_.tiplied by half the fum of the Szwes of the Sun’s 
Horary diftance from’ Noon, when the Times 

“are -before-and after Noon ; or by half their 
difference, when-both are on the fame fide of 
| | 5 3 the 
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the Meridian; and thereto in Summer, or 
therefrom in Winter, be added or fubftra@ted 
the Produ& of half the Arch anfwerable to 

the propofed interval of Time, into the differ- 
ence .of the Sives of Meridian Altitudes, the 

fum in one cafe and. difference in the other, fhall 

be proportional toall the Action of the Sun 

during that {pace of time. | 

__I fore-fee it will be ObjeGted, that I take 

the Radius of my Circle on which I erect my 

Perpendiculars always the fame, whereas the 

Parallels of Declination are unequal; but to this 

I anfwer, that our faid Circular Bafes ought 

not to be Anologous to the Parallels, but to 

the Times of Revolution, which are equal in 

allofthem. —_. 

It may perhaps be ufeful to giveanExample 
of the Computation of this Rule, which may 
feem difficult to fome. Let the Solftitial Heat, 
in © and w be required at London, Lat. 51°. 
32. 


3 80-2'8 Co-Lat. Diff. Afcet. __- 3.30c11. 
23-30 Decl. @ * |Arc.Semidiaftivet23-11.  ~ 
61-58 Sinu— 3882674| Arc. Semi.lyb.56-49.5.63 89 23 
14-58 Sinus 5258257 |Arc.ajtiv.menf.2,149955 
| Summa 1,140931,4%C-hyd. menfura 991683 
Diffs 624.417 | 


Then 1, 140931 in 1836923 +, 624417 10 ai 
14995 §=2, 29734- And 1, 140931 in 336929 
=--,624417 IN ,991638== 33895. | 


So that 2, 29734 will be as the Tropical 
Summers Days Heat, and 0, 33895 as the 
A@ion of the Sunin the Day of the Winter 
— Solftice. Pay a SSS 

ae After 
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> After this manner [computed the following 


Table for every tenth Degree of Latitude, to — 
the Aquino@ial and Tropical Sun, by which 


an Eftimate may be made of the intermediate 


Degrees. ¢ 


| Sun “Garth Saar de 
iat... L see & | 

10 | 20000 | 18341 | 18341 
19696 | 20290 | 15834 
18794 | 21737 | 13166 
173200) 22051 [10124 
15321 | 23048 | 6944 | 
12855 | 22991 | 3798 
10000 |,.22772 |; 1075 | - 
6840 | 23543 | 00 
3473 | 24673 | 000 


| 90 fo 0000.') 25055 | + 0007 


Thofe that defire more of the Nature of 
this Problem, as to the- Geometry thereof, 
would do well to compare the XIII. Prop. Cap. 
V. of the Learned Treatife, De Calculo Centrz 
Gravitatis, by the Reverend Dr. Walls, Pub- 


-lifhed Anno. 1670. 


From this Rule there follow feveral Corol- 
laries worth Note: As J. That the quinoéti- 
al Heat, when the Sun comes Vertical, is as 
twice the Square of Radius, which may be 


_propofed asa Standard to compare with in all 


other Cafes. II. That under the EquinoGial, 
the Heat is as the Size of the Sun’s Declina- 


tion. Ill, That in the Frigid Zones when the 
Sun fets not, the Heat is as the Circumfer- 


ia ee ence 
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ence of a Circle into the Size of the Altitude 
at 6. And confequently, that in the fame 
Latitude thefe Agoregates of Warmth, .are as 
the Sives of the Sun’s Declinations ; and inthe 
fameDeclination of Sol, they are as the Sines of 
the Lat., and generally they are as the Sines of 
theLat. into the Sizes of Declination. IV. That 
the Aquinodial Days Heat is every where as 
the Co-tine of the Latitude. V. In-all places 
where the Sun fets, the ‘difference between 
the Summer and Winter Heats,’ when'the De- 
clinatiohs ‘are ‘contrary, /is ‘equal to“a Circle 
into the Sive of the Altitude at fix in the Sum- 
mer Parallel, and confequently thofe differ- 
ences areas the Sizes of Latitudeinto, or mul- 
tiplied by the Szwes of Declination. VI. From 
_ the Table I have added, it appears, that the 
Tropical Sun under the quinoétial, ‘has, of 
a}]_ others, the leaft Force. - Under the Pole 
it is greater than any other Days Heat. what- 
foever, being to that of the Hquino&ial as 5 
to 4. ylish-teds shed 
, ee the Table and thefe Coralleries maya 
general Indea be conceived of the fum of all 
the Actions of the Sun in the whole Year, and 
that part of the Heat that arifes fimply from 
the Prefence of the Sun be brought to a Geo- 
metrical Certainty : And if the like could be 
performed for Cold ; which is fomething elfe 
than the bare Abfence of the Sun, as appears 
by many Inftances, we might hope.to bring 
what relates to this part. of Afeteorology. to. a 


perfect Theory. j 


~ 
"29 
AU fs = 
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SEE the Diftance of the fired 
Stars. By the Honourable Fran- 
cis Roberts, A/q3 S.A.S. 


H EF Ancient Aftronomers, who had. no 
«fl other way of computing the -Diftances - 
-of the Heavenly Bodies, but by their Parallax 
to the Semi-diameter of the Earth; and be- 
ing never able to difcover any in the fix’d 
Stars, did from thence rightly. enough infer, 
that their Diftance was very great, and much 
exceeding that of the Planets, but could go 
no farther otherwife than by uncertain guefs. 
Since the Pythagorean Syf{tem of the: World 
has been revived by Copernicus, (and now. by 
all Mathematicians accepted for the true one) 
there feemed ground to imagine that the Dia- 
meter of the Earth’s. Annual Courfe (which, 
according to our beft Aftronomers, is at leaft 
- 40000 times.bigger. than the Semi-diameter 
of the Earth) might give a fenfible. Parallax 
to the fix’d Stars, tho’ the. other could -not, 
and thereby determine their. Diftance. more 
precifely. ee a atic 
But though we havea Foundation to build 
on fo vaftly exceeding that of the Ancients, 
‘there are fome Confiderations may make-us 
fufpect that even this is, not large enough for 
our purpofe. ie 


~ Monfieur 
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Monfieur Hugens (who islvery exaé inhis - 
| Aftronomical Obfervations) tells us, he could 
never difcover any vifible Magnitudein the - 
fix’d Stars, though he ufed Glaffes which - 
magnified the apparent Diameter above 100 
times. 

Now, fince in all likelyhood the fix’d Stars 
are Suns, (perhaps of a different Magnitude) 
we may as a reafonable Afedium prefume 
oy are generally about the bignef$ of our 

un. one Ng : 

Let us then (for Example) fuppofe the 
Dog-Star to be fo. The Diftance from us to 
the Sun being about 100 times the Sun’s Dia- 
meter (as is demonftrable from the Sun’s Dia-« 
meter being 32 minutes) it is evident, that 
the Angle under which the Dog-Star is feen - 
in Mr. Hugens’s Telefcope, muft be near the 
fame with the Angle of its Parallax to the 
Sun’s Diftance, or Semi-diameter of the 
Earth’s Annual Courfe; fo that the Parallax 
to the whole Diameter, can be but double © 
fuch a quantity, as evento Mr. Augens’s nice 
Obfervation is altogether infenfible. “ 

The Diftance therefore of the fixt’ Stars — 
feems hardly within the reach of any of our 
Methods to determine; but from what has 
been laiddown, we may draw fome Conclu- 
fions that will much illuftrate the prodigious 
vaftnefs of it. | 
- a, That the Diameter of the Earth’s An- 
nual Orb (which contains at leaft 160 millions 
of miles)is but asa Point in comparifon of it; 
at leaft it muft be above 6000 times the Di- 
{tance of the Sun: For if a Star fhould ap- 

pear through the aforefaid Telefcope half a 
a aS minute 
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- minute broad (which is a pretty fenfible Mag- 


nitude) the true apparent Diemeter would — 


~ not exceed 18 3d minutes, which is lefs than 
. the 6oooth part of the apparent Diameter of 


the Sun, and confequently the Sun’s Diftance 
not the éoooth part of the Diftance of the 
Stars 

2. That could we. advance towards. the 
Stars 99 Parts of the whole Diftance, and have 
only +,. Part remaining, the Stars would ap- 
pear little bigger to us than they do here; 
for they would fhew no otherwife than they 
do through a Telefcope, which magnifies an 
Hundred-fold. Pee Fa 

3. That at leaft Nine Partsin Ten of the 
Space between us and the fixed Stars, -can re- 
ceive no greater Light from the Sun, or any 


of the Stars, than what we have from the Stars 


Ind Clear Wight. : | 

4. That Light takes up more time in tra- 
velling from the Stars to us, than wein ma- 
king a Weft-India Voyage (whichis ordinari- 
ly performed in fix Weeks.) That a Sound 
would not arrive to us from thence in. soo00 


‘Years, nor a Cannon-bullet in a much longer 
time. This is eafily computed, by allowing 


(according to Mr. Newton) Ten minutes for 
the Journey of Light from the Sun hither, and 


_ that a Sound moves about 1300 Foot in a 


Second.” ae 


The 
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The Famous Mr. faac Newton’s. 


T beory of the Moon. 


HIS Theory which hath been long expected — 


_by all the true Lovers of Aftronomy, was 
communicated from Mr. Newton, to Dr. Gre- 
gory Aftron. Profeflor at Oxford, and by him 
publifhed in his Affron. Elem. Philof. and Geo- 
met. p. 336. From whence, as. it was lately 
tranilated into Exelih, 1 thought fit to infert 
it here. Paw 

By this Theory, what by. all Aftronomers 
was thought moft difficult and almoft impofli- 
ble to be done, the Excellent. Mr. Newtox 
hath now -effected ; viz. to: determine the 
Moon’s Place even in her Quadratures, and 
all other Parts of her Orbit, befides the Sy- 


zygys, foaccurately by Calculation, thatthe . 


Difference between that and her true Place in 
the Heavens, fhall fcarce be.two minutes, 
and is ufually fo fimall, that it may. well e- 
nough be reckon’d only as a. Defect in the 
Obfervation. And this Mr. Newton experi- 
enced by comparing it with very many Places 
of the Moon, obferw’d by Mr. Flamjteed, and 
communicated to him. 

The Royal Obfervatory at Greenwich, is to 
the Welt of the Meridian of Pars, 2 deg. 19 
min. Of Urainburgh, 12 deg. 51 min. 30 fe- 
conds. And of Gedanum, 18 deg. 48 mi- 
nutes. ‘ 


The ; 
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"The mean Motions of the Sun and Moon, 
~ accounted from the Vernal Aquinox at the 
‘Meridian of Greenwich, 1 make to be as fol- 
loweth. | i see ate 
The laft Day of December 1680, at Noon, 
(Old Strife) the mean Motion of the Sun was 
9 Sign, 20deg. 34 min. 46 feconds. Of the 


 Sun’s Apogeum, was 3 S..7 deg. 23 min. 30 fec. 


The mean Motion of the Moon at that 
time, was 6 S. 1 deg. 35 min. 45 feconds. And 
of her Apogee, 8S. 4. deg. 28min. 5 feconds. 
Of the afcending Node of the Moon’s Or- 
bit, 5 S. 24deg. 14 min. 35 feconds, @e. — 

And on the laft Day of December, 1700. at 
. Noon, the mean Motion of the Sun was 9 5. 
- 20 deg. 43 min. 50 feconds. Of the Sun’s 
Apogee, 3S. 7 deg. 44 min. 30 feconds. The 
mean Motion of the Moon was 10S. 15 deg. 
19min. 50 feconds. Of the Moon’s Apogee, 
11 $. 8 deg. 18 min. 20 feconds. And of 
her afcending Node, 4S. 27 deg. 24min. 
20feconds. Forin 20 Fulian Years, or 7305 
Days, the Sun’s Motion is 20° Revolut. o S. 
o'deg. 9 min. 4 feconds.. And the Motion of 

the Sun’s Apogee, 21 min. o feconds. 

~~ The Motion of the Moon in the fame time, 
is 247. Revolut. 4S. 13 deg. 34 min. § fe- 
conds. And the Motion of the Lunar Apo- 
gece, iS 2 Revolut. 3.5. 3 deg. 50 min. 15 
feconds. “And the Motion of her Node, 1 
Revolut. oS. 26.deg. 50 min. 15 feconds. 

All which Motions are accounted from the 
Vernal Aquinex : Wherefore if from them 
there be fubtra&ted the Receffion or Motion 
of the AquinoGtial Point, in Antecedentia, du- 
ring that fpace, whichis 16 min. o fec. there | 

will 
he, 
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com 


will remain the Motions in -reference to the — 
be 


fix’d Stars in 20 Julian Years $ viz. the Sun’s 
19 Revol, 11S. 29 deg. §2 min. 24 feconds. © 


Of his Apogee, 4 min. 20 feconds. And the 
Moon’s, 247 Revol. 4.S..13 deg..17- min. .25 
feconds. Of her Apogee, 2 Revol. 3 S. 3 deg. 
33 min. 35 feconds. And of the Node of the 
Moon, 1;Revol. 0.S. 27 deg. 6 min. 55 fe- 
conds. | 
According to this Computation, the Tro- 
pical Year is 365 Days, 5 Hours, 48 Minutes, 
§7 Seconds. And, the Sydereal Year is 365 
Days, 6 Hours, 9 Minutes, 14 Seconds. 
Thefe mean Motions of the Luminaries 


/ 


are affected with various Inequalities: Of — 


which,. 
“4. There are the Annual Equations of the 
aforefaid mean Motions of the Sun and 
Moon, and of the Apogee and Node of the 
Moon. 


‘The Annual Equation of the mean Motion - 


of the Sun, depends on the Eccentricity of 
the Earth’s Orbit round the Sun, which is 
-1672-0f fach Parts, as that the Harth’s mean 
Diftance from the Sun fhall be 1000: Whence 
tis called the. Equation of the Centre; and.is, 
when greateft, 1 deg. 56 min. 20 feconds. 
The greateft Annual Equation of theMoon’s 
mean Motion, is 11 deg. 49 feconds; of her 
Apogee, 20 min. and of her Node, 9 minutes, 
30 feconds. .. . 
_. And .thefe four Annual Equations. aré 
always mutually proportional one to ano- 
ther :. Wherefore when any of them is at 
-the greateft , the other three will alfo be 


tisi. 


greatelt; and when any. one leflens, the o-. 
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ther three will alfo be diminifhed in the fame 


Ratio. | . 


The Annual Equation of the Sun’s Centre 
being given, the three other correfpending ~ 


‘Annual Equations will be alfo given; and 


therefore a Table of that will ferve for all. 
For if the Annual Equation of the Sun’s Cen- 


tre be taken from thence, for any Time, and 


be called P, andlet 7, P=-Q,0 + &. Q= 
Ba \e bls Daigo D s= By: pandaD ce 
D= 2 F;, then thall the Annual Equation of 
the Moon’s mean Motion for that time be R, 
that of the Apogee of the Moon will be E, 
and that of the Node F. 

Only obferve here, That if the Equation of 


D Che Sun's Centre be required to be added; 


then the Equation of the Moon’s mean Mo- 
tion muft be fubtracted, that of her Apogee 
muft be added, and that of the Node fub- 
ducted. And on the contrary, if the Equa- 


' tion of the Sun’s Centre were to be fubduéted, 


the Moon’s Equation muft be added, the E- 
quation of her Apogee fubdu@ed, and that 


of her Node added. 


There is alfoan Equation of the Moon's mean 


Motion, depending on the Situation of her 


Apogee, in refpect of the Sun; which is grea- 
tell when the Moon’s Apogee is in an Odctant 
with the Sun, and is nothing at all when it is 
in the Quadratures or Syzygys. This Equa- 
tion, when greateft, and the Sun in Periceo, 
is 3 min. 56 feconds. But if the Sun be in 
Apogeo, it will never be above 3 minutes 34. 
feconds: At other Diftances of the Sun from 
the Harth, this Equation, when greatefk, is 
reciprocally as the Cube of fuch Diftance. But 


when 


bf ee eee en 
r ba ll 3 Bb .) 
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when the Moon’s Apogee is any where but in 
the Ocfants, this Equation grows lefs, and is 
moftly at the fame diftance between the Earth 
and Sun, ‘as the Sine of the double Diftance 
2of the Moon’s Apogee, from the next Quadra-_ 
ture or Syzygy, tothe Radius. IDES TS TSS 
~“Phis is to be added to the Moon’s Motion, - 
while her Apogee pafles from a Quadrature 
with the Sun to a Syzygy; but this is’to be 
fubtraéted from it, while the Apogee moves 
fromthe Syzygy to the Quadrature, = 
-’ There is moreover another Equation of the 
Moons Motion, which depends on the Afpe& 
of the Nodes of the Moon’s Orbit. with the 
Sun: And this is greateft, when her Nodes 
are in Oftants to the Sun, and vanithes quite, 
when they come to their Quadratures or Syzy- 
sys. This Equation is proportional to the 
Sine of the double Diltance of the Node from 
the next Syzygy, or Quadrature; and at grea- - 
teft, is but 47 feconds. This muft be added 
to the Moon’s mean Motion, while the Nodes 
‘dre pafling from their Syzygys with the Sun, 
to their Quadratures with him; but fubtrated 
while they pafs from the Quadratures to the 
‘Syzygys, 

“From the Sun’s true Place, take the equated — 
mean Motion of the Lunar Apogee, as was. 
above fhew’d, the Remainder will be the An- 
nual Argument of the faid Apogee. From 
whence the Eccentricity of the Afoon, and the 

-fecond Equation of her Apogee may be com- 
‘par’d after the manner following (which takes _ 
place alfo in the Computation of any other inter~ 
mediate Equations. ee 


Let 
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_ Tab.3.Fig.6-Let T reprefentthe Earth,TS a 
RightLine joining theEarth andSun,TACBa 
Right Line drawn from the Earth to the mid- 
dle or mean Place of the Moon’s Apogee, e- 
quated, as above: Let the Angle ST A be 
the Annual Argument of the aforefaid Apo- 
pee, T A the leaft Eccentricity of the Moon’s 
Orbit, TB the greateft. Bifle@ AB in G; 
and on the Centre C, with the Diftance AC 
_ defcribe a Circle AFB, and make the Angle 
BCF<=tothe double of the Annual Argu- 
ment. Draw the Right Line T F, that fhall 
-bethe Eccentricity of the Moon’s Orbit; and 
the Angle BT F, is the fecond Equation of 
the Moon’s Apogee required, 

In order to whofe Determination, let the 
mean Diftance of the Earth from the Moon, 
-or the Semi-diameter of the Moon’s Orbit, 
-be 1000000 ; then fhall its greateft Eccentri- 
city TB be 66782 fuch Parts ; and the leaft 
TA, 43319. So that the greateft Equation 
ofthe Orbit, wz. when the Apogee is.in the 
Syzygys, will be 7 deg. 39 min. 30 feconds, 
or perhaps 7 deg. 40 min. (for I fufpect there 
will be fome Alteration, according to the 
Pofition of the Apogee in Cancer or Capricorn.) 
But when it is Quadrate to the Sun, the grea- 
teft Equation aforefaid will he 4 deg. 57 min. 
36 feconds; and the greateft Equation of the 

Apogee, 12 deg. 15 min. 4 feconds.. 

Having from thefe Principles made a Table 
of the Equation of the Moon’s Apogee, and 
of the Eccentricities of her Orbit to each de- 
gree of the Annual Argument, from whence 
the Eccentricity T F, and the Angle BT F 
(viz, the fecond and principal Equation of 
| T the 
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the Apogee) may eafily be had for any Time 
required ; let the Equation thus found be ad- 
ded to the firft Equated Place of the Moon’s 
Apogee, if the Annual Argument be lefs than 
oo degrees, or greater than 180 degrees, and 
4efs than 270; otherwife it muft be fubdudted 
from it; and the Summ or Difference fhall 
be the Place of the Lunar Apogee fecondarily 
equated ; which being taken from the Moon’s 
Place equated a third time, fhall leave the 
mean Anomaly of the Moon correfponding 
to any given Time. Moreover, from this 
mean Anomaly of the Moon, and the before- 
found Eccentricity of her Orbit , may be 
found (by means of a Table of Equations of 
the Moons Centre made to every. degree of 
the mean Anomaly, and fome Eccentricities, 
(Viz.45000,50000, § 5000,60000,and 65000 )the 
‘Proftapharefis,.or Equation of the Moon’s Cen- 
tre, as in the common way: And this being 
taken from the former Semi-circle of the 
middle Anomaly, and added in the latter to 
the Moon’s Place thus thrice equated, will 
produce the Place of the Moon # fourth time 
equated. 9. 2. otcrod> Bigs 
- The greateft Variation of the Moon, (vz. 
that which happens when the Moon is in an 
Oant withthe Sun) is nearly, reciprocally 
as the Cube of the Diftance of the Sun from — 
the Earth: “et that: be taken 37 min. 25 fe- 
‘conds,; when the Sun is ia Perigeo, and 33 
min. 40 feconds, when he is i Apogao: And 
let the Differences of this Variation im the 
Oants be made reciprocally, as the Cubes of 
the Diftancés of the Sun from the Hartli'; and 
fo let a Table'be made of the aforefaid: Varia- 
; hon 
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tion of the Moon in her Odtants (or its Lo- 
garithms) to every Tenth, Sixth, or Fifth 
Degree of the mean Anomaly: And for the 
Variation out of the O&ants, make, as Radi- 
fas tothe Sine of the double Diftance of the 
Moon from the next Syzygy, or Quadrature 
+: fo let the afore-found Variation in the 
OGant be tothe Variation congruous to any 
other Afpect , and this added to the Moon’s 
‘Place betore found in’the firft and third Qua- 
drant (accounting from the Sun) or fub- 
dudted from it in the fecond and fourth, 
will give the Moon’s Place equated a fifth 
time. | 
> Again, as Radius to the Sine of the Summ 

-of the Diftances. of the Moon from the Sun, 
and of her Apogee from the Sun’s Apogee (or _ 
the Sine of the Excefs of that Summ above 
360 deg.):: fois 2 min. to feconds, to a fixth 
‘Equation of the Moon’s Place, which mutt be 
fubtraGed, if the aforefaid Summ or Excefs 
belefs than a Semi-circles bat added, if it 
be greater. Let it be made alfo, as Radius 
to the Sine of the Moon’s diftance from the 
Sun:: fo 2 deg. 20 fecants, toa feventh E- 
quation ; which when the Moon’s Light is in- 
creafing, add; but when decreafing, fubtrad ; 
andthe Moon’s Place will be equated a fe- 
venth time, and this is her Place ix her proper 
Orbit. 

Not here, the Equation thus produced by 
the mean Quantity 2 degrees, 20 feconds, is 
not always of the fame magnitude; but is in- 
_ creafed and diminifhed, according to the Po- 
_ fition of the Lunar Apogee. For if the 
_ Moon’s Apogee be in Conjun@ion with the 
m4 . oe 2 ‘Sun’s, 
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Sun’s, the aforefaid Equation is about §4 fe- 
conds greater: But when the Apogees are in 
oppofition, ’tis about as much lefs ; and it 
Jibrates between its greateft Quantity 3 mi- 
mutes; 14 feconds, and. its leaft, 1 minute, 
26 feconds. And thisis, when the Lunar A- 
pogee is in Conjunction, or Oppofition with 
the Sun’s: But in the Quadratures, the afore- 
faid Equation isto be leffen’d about so fe- 
conds, or one minute, when the Apogees of 
the Sun and Moon are in Conjunétion ; but if 
they are in Oppofition, for want of a fuffici- 
ent number of Obfervations, I cannot deter- 
mine, whether it is to be leffen’d or increas‘d. 
‘And even as to the Argument or Decrement 
of the Equation, 2. minutes, 20 feconds, a- 
‘bove mentioned, I dare determine nothing 
certain, for the fame Reafon, wz. the want 
‘of Obfervation accurately made. | 
Ifthe fixth and feventh Equations are aug- 
mented or diminifhed in a reciprocal Ratio of 
the diftance of the Moon from the Earth; 
4.e. in a dire& Ratio-of the Moon’s Horizon- 
-tal ‘Parallax, they will become more accurate: 
And this may be readily done, if Tables are 
firit made to each minute of the faid Parallax, 
-and to every fixth or fifth degree of the Ar- 
-gament of the fixth Equation for the Sixth, 
as of the diftance of the Moon from the Sun, 
for the Seventh Equation. ‘ 
~¢ From the Sun’s Place, take ‘the, mean mo- 
-tion ofithe Moon’s afcending Node, equated 
as above ;, the Remainder fhall be the, Annual 
Argument of the Node, whence its fecond 
Equation may-be computed after the» follow- 
-ihg manner. in the preceding-Pigure. i 
2 Aue £ Let 
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Let T, as before, reprefent the Earth; TS 
a Right Line, conjoining the Earth and Sun: 
Let alfo the Line T ACB, be drawn to the 
Place of the afcending Node of the Moon, as 
above equated; and let STA be the Annual 
Argument of the Node. Take TA froma 
Seale, and letit beto A.B ::..a$, $6 to.,35,,0r 
as11}to1. Then bifle’ BAinC, andon 
Cas a Centre, with the Diltance C A, de- 
{cribe a Circle as AFB, and make the Angle 


-BCF, equal to double the Annual Argument 


of the Node before-found: So fhall the Angle 
BT F, be the fecond Equation of the afcen- 
ding Node ; which muft be added, when the 
Node is pafling from the Quadrature to a Sy- 
zygy with the Sun ; and fubducted, when the 
Node moves from a Syzygy towards a Qua- 
drature. By which means, the true Place of 
the Node of the Lunar Orbit will be gained : 
Whence from Tables made after the common 


way, the A@oon’s Latitude, and the Reduction of 


her Orbit to the Ecliptick, may be computed, 
fuppofing the Inclination of the Moon’s Or- 
bit to the Ecliptick, to be 4deg. 59 min. 
35 feconds, when the Nodes are in Quadra- 
ture with the Sun ; and 5 deg. 17 min. 20 fe- 


_ conds, when they are in the Syzygys. 


And from the Longitude and Latitude thus 
found, and the given Obliquity of the Eclip- 
tick, 23 degrees, 29 minutes, to the Right 
Afcenfion and Declination af the Moon will 


_be found. 


The Horizontal Parallax of the Moon, 
when fhe is in the Syzygys, at a mean diftance 
from the Earth, I make to be 57.min. 30 fe- 
conds ; and her Horary Motion, 33 min. 32 

3 feconds, 
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feconds, 32 thirds; and her apparent Dia- 
meter 31 min. 36 feconds. But in her Qua- 
dratures ata mean-Diftance from the Earth, 
I make the Horizontal Parallax of the Moon 
to be 59 min. 49 feconds, her Horary Mo- 
tion 32 min. 12 feconds, 2 thirds, and her 
apparent Diameter, 31 min. 3 feconds. The 
Moon in an O&ant to the Sun, and‘at a mean _ 
diftance; hathsher Ceritre diftant from the 
Centre’of the Earth about 60 § of the Earth’s 
Semi-diameters. the 
The Sun’s Horizontal Parallax I make to 
be ro feconds, and its apparent Diameter at 
a mean diftance from the Earth, I make 32 

minutes, 15 feconds. © 
- The Atmofphere of the Earth, by difper- _ 
fing and refracting the Sun’s Light, cafts a 
Shadow,as if it were an Opake Body, at leaft 
to the height of 40 or §o Geographical Miles 
(by 4 Geographical Mile, I mean the fixtieth 
art of a Degree of a great Circle, on the 
Fiarth’s Surface.) This Shadow falling upon 
the Moon in a Lunar Eclipfe, makes the 
Farth’s Shadow be the larger or broader. And» 
to each Mile of the Earth’s Atmofphere, 1s 
correfpondent a Second in the Moon's Disk, 
fo that the Semi-diameter of the Barth’s Sha+ 
dow projeGed upon the Disk of the Moon, is 
to be increafed about 50 feconds: Or, which is 
all one, in a Lunar Eclipfe, the Horizontal 
Parallax of the Moon is to be increafed in the 
Ratio of about 70 to 69. | i 
Thus far the Theory of this Incomparable - 
‘Mathematician. And if'we had many Places 
of the Moon accurately obferved, efpecially 
about her Quadratures, and thefe well com- 
: pared 
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"pared with her Places, at the fame time cal~ 
culated according to this Theory; it would 
then appear, whether there yet remain any 
other fenfible Equations, which when accoun- 
ted for, might ferve to Improve and enlarge 
this Theory. s 
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An Eftimate of the Degrees of the 
Mortality of Mankind, drawn 
from curious Tables of the Births 
and Funerals at the City of Bre- 
flaw ; «tbh an Attempt to afcer- 
tain the Price of Annuities upon 
Lives. By Mr. E, Halley , 
R.SOS. 


r i "HE Contemplation of the AZortality of 
Mankind, has befides the AdZoral, its 
Phyfical and Political Ufes, both which have 
been fome Years fince moft judicioufly confi- 
dered by the curious Sir Wiliam Petty, in his 
 Watural and Political Obfervations on the 
Bills of Mortality of London, owned by Cap- 
tain Fohn Graunt: And fince ina like Trea- 
tife on the Bills of Afortality of Dublin. But 
the Deduction from thofe Bills of AdZortality 
{eemed even to their Authors to be defeétive: 
Firft, In that the Number of the People was 
wanting. Secondly, That the Ages of the 
People dying was not to be had. And Laft- — 
ly, That both London and Dublin, by reafon 
of the great and cafual Acceflion of Strangers 
who die therein, (as appeared in both, by 
the great Excefs of the Funerals above the 
Births) rendred them incapable of being Stan- 
dards for this purpofe ; which requires, if it 
were 


Se % 
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were poflible, that the People, we treat of 
fhould not at all be changed, but die where 


: they were born, without any adventitious In- 


creafe from Abroad, or Decay by Migration ~ 
elfewhere. | 

This Defect feemsin a great meafure to be 
fatisfied by the late curious Tables of the 
Bills of Adortality at the City of Breflaw, late- 
ly communicated to this Honourable Society 
by Mr. Fuffe/, wherein both the Ages and 
Sexes of all that die are monthly delivered, 
and compared with the number of the Births, 
for Five Years laft paft, vz. 1687, 88, 89, 90, 
91, feeming to be done with all the Exa@- 
nefs and Sincerity poflible. | 

This City of Breflaw is the Capital City 
of the Province of Siefia; or, as the Ger- 
mans cali it, Schlefia, and is fituated on the 
Weftern Bank of the River Qder, anciently 
called Viadrus, near the Confines of Germany 
and Poland, and very nigh the Latitude of 
London. \tisvery far from the Sea, and as 
much a Afediterranean Place as can be defired, 
whence the Confluence of Strangers is -but 
finall,and the ManvfaSture of Linnen employs 
chiefly the poor People of the Place, as well: 
as of the Country round about; whence comes 
that fort of Linnen we ufually call your Sclefie 
Lianen , which is the chief, ifnot the only 
Merchandize of the Place. For thefe Rea- 
fons, the People of this City feem moft pro- 
per for a Standard; and the rather, for that 
the Births do, a fmall matter exceed the Fu- 
nerals. The only thing wanting, is the Num- 
ber of the whole People, which in fome mea- 
jure L have endeavour’d to fupply ,by the com- 
| ; parifon 
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parifon of the Adortality of the People of all 
Ages, which I hall from the faid Bills trace 
out with all the Accuracy poflible. . 

if appears that in the Five Years mene: 
tioned, vz. from 87 to 91 inclufive, there: 
were born 6193 Perfons, and ‘buried 5869; 
that is, born per Annum 1238, and buried 1174; 
whence an Jncreafe of the People may be ar- 
gued of 64 per Annum, or of about a 20th 
part, which may perhaps be balanced by. the 
Levies for the Emperor’s Service in his Wars. 
But this being contingent, and the Births cer- 
tain, I will fuppofe the People of Breflam to 
to be increafed by 1238 Births annually. Of 
thefe it appears by the fame Tables, that 348 
do die yearly in the firft Year of their Age, and 
that but 890 do arrive at a full Years Ages 
and likewife, that 198 do die in the Five 
Years between 1 and 6 compleat, taken at a 
Medium ; fo that but 692 of the Perfons born. 
do furvive Six whole Years. From this Age 
the Infants being. arrived at fome degree of 
Firmnefs, grow lefs and lefs AZortal ; and it 
appears, that of the whole People of Breflaw 
there die yearly, as in the following Table, _ 
wherein the upper Line fhews the Age, and 
the next under it, the Number of ‘Perfons of 
that Age dying yearly. 
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And where no Figure is placed over, it is — 
to be underftood of thofe that die between’ 
the Ages of the precedent and confequent 
Column. | : : 

From this Table it is evident, that from 
the Age of 9 to about 25, there does not die 
above 6 per Annum of each Age, which is much 
about 1 per Cent. of thofe that are of thofe A- 
ges: And whereas in the 14,15, 16,17 Years, 
there appear to die much fewer, as2 and 32 5 
yet that feems rather to be attributed to 
Chance, as are the other Irregularities in the 
Series of Ages, which would rectifie them- 
felves, were the number of Years much more 
confiderable, as 20 inftead of 5. And by our 
own Experience in Chrift-Church Hofpital, 1 
am informed there die of the Young Lads, much 
about 1 per Cent. per Annum, they being of the 
aforefaid Azes. From 25 to 50, there feem to 
die from 7 to 8 and 9 per Annum of each Age; 
and after that to 70, they growing more cra- 
fie, though the number be much diminifhed, 
yet the ALortality increafes, and there are found ” 
to die 10 or 11 ofeach Age per Annum: From 

thence 
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thence the number of the Living being grown 
very fimall, they gradually decline till there 
be none left to die, as may be feen at one 
View in the Table. | 

From thefe Confiderations I have formed 
the adjoined Table, whofe Ufes are manifold, 
and give a more juft Idea of the State and Con- 
dition of Afankind, than any thing yet extant 
thatI know ef. It exhibits the Number of 
People in the City of Breflaw of all Ages, from 
the Birth to extreme Old Ave, and thereby 
fhews the Chances of Mortality at all Ages, 
and likewife how to make a certain Eftimate 
of the Value of Aznuities for Lives, which hi- 
therto has been only done by an imaginary 
Valuation : Alfo the Chances that there are 
that a Perfon of any Age propofed does live to 
any other Aze given; with many more, as 
I fhall hereafter fhew. This Table does fhew 
the Number of Perfons that are living in 
the -4ze current annexed thereto, as fol- - 
lows : 


Age. 


ies 
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Curt. |fons, Curt. fons./Curt. fons. Guts. fons. Curt. jfons.{Curt. |fons.[ 
Pec 1000} 8 | 680] 15 628) 2m § 586) 29 | §39] 36 | 481 - eu 
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46 | 387] 53 | 313|-60 242)-67 172174 98 381 1» 34 we oe 
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_ Thus it appears, that the whole People of 
Breflaw does confift of 34000 Souls, being the 
Sam Total of the Perfons. of all Ages in the 
Table : The firft ufe hereof is to fhew the 
Proportion of Zen able to bear Arms in any 
Multitude, which are thofe between 18 and 
46, rather than 16.and 60; the one being ge- 
nerally too weak to bear the Fatigues of War, 
and the Weight of Arms; and the other too 
erafie and infirm from Age, notwithftanding 
particular Inftances to the contrary. Under 
18:-from the Table, are found in this. City 
11997 Perfons, and 3950 above 56, which to- 
gether make 15947. So that the Refidue to 
(34000 being 18093, are Perfons between thofe 
Aces... At leaft one half thereof are Males, 
or.9027: So that the whole Force this City 
can. raife.of Fencible Men, as the Scotch call 
them, is about. 9000, or ;3, or fomewhat 
more than a quarter of the Number of Souls, 
which may perbaps pafs for a Rule for all o- 
other places. * 3 
~The Second Ufe vf this Table, is, to fhew 
the differing degrees of Avortality, or rather 
| Vitality in al Ages; for if the number of Per- 
fons of arly Age remaining after one Year, be 
divided by the difference between that and 
the number of the Age propofed, -it-fhews 
the odds that there.is, that.a Perfon. of that 
Age does not die ina Year. As for Inftance, 
“a Perfon of 25 Years of Age has the odds of 
«60 to 7, or 80 to 1, that he does not die ina 
Year : Becaufe that of 567, living of 25 Years. 
of Age, there do die no more than 7 if 4 
‘Year; leaving 560 of 26 Years old. 


SO 
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So likewife for the odds, that any Perfon 
does not die before he attain any propofed 
‘Ace: Take.the xumber of the remaining Per- 
fons of the Age propofed, and divide it by the 
difference between it and the number of thofe 
‘of the Age of the Party propofed; and that 
“fhews the odds there is between the Chances 
- of the Party’s living or dying. As for In- 
‘ftance; What is the odds that a Man of 40 
‘lives. 7 Years : Take the number of Perfons of 
47 Years, which in the ‘Table is 377, and fab- 
tract it from the number of Perfons of 40 
Years, whichis 445, and the difference is 68 : 
Which fhews that the Perfonxs dying in that 7 
Years, are 68 ;, and that it is 377 to 68, or 5% 
to 1, that a Man of 40 does live 7 Years. 
And the like for any other zumber of Years. 
-- Ofe Til. But ifit be enquired at what num- 
ber of Years, it isan even Lay that a Perfon 
of any Age fhalldie, this Table readily per- 
forms it: For if the swmber of Perfons living 
of the Ave propofed, be halfed, it will be 
found by the. Table at what Year the faid 
Number is reduced to half by Mortality; and 
‘that is the Age, to which it is an even Wa- 
ger, that a Perfon of the 4ze propofed fhall 
arrive before he die. As for Inftance; A Per- 
fon of 30 Years of Age is propofed, the num- 
ber of that Age is 531, the half thereof is 26 55 
which number! find to be between 57 and 
§8 Years; fo that a Man of 30 may rea- 
fonably expe& to live between 27 and 28 
Years. } | 
Uje IV. By what has been faid, the Price 
of Infar ance upon Lives ought te be regulated, 
cand the difference is difcovered between the 
e Price 
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Price of infuring the Life of a Man of 20 and 
so. For Example; it being 100 to 1, that 
a Manof 20 dies not in a Year, and but 38 © 
to 1, for a Manof 50 Years of Age. 
- Ufe V. On this depends the Valuation of 
Annuities upon Lives ; for it is plain, that the 
Purchafer ought to pay for only fucha part of 
the Value of the Aznuity, as he has Chances 
that he is living ; and this ought to be com= — 
puted yearly, and the Sum of all thofe yearly 
Values being added together, will amount to 
the Value of the Avauty for the Life of the 
Perfon propofed. Now the prefent Value of 
Money payable after a Term of Years, at any 
given Rate of Intereft, either may be had’ 
from Tables already computed ; or almoft as 
compendioufly, by the Table of Logarithms : 
For the Arithmetical Complement of the 
Logarithm of Unity and its yearly Intereft, 
(that is, of 1, 06 for Six per Cent. being 9, 
974694.) being multiplied by the number of, 
Years propofed, gives the prefent Value of 
One Pound payable after the end of fo many 
Years. Then by the foregoing Propofition, 
it will be as the number of Perfons living after 
that Term of Years, to the number dead; fo 
are the odds that any one Perfon is alive or 
dead. And by confequence, as the Sum of 
both, or the number of Perfons living of the 
Age firft propofed, to the number remaining 
after fo many Years, (both given by the Ta- 
ble) fo the prefent Value of the yearly Sum 
payable after the Term propofed, to the Sum 
which ought to be paid for the Chance the 
Perfon has to enjoy fuch an Annuity after fo 
many Years. And this being repeated for 
every 
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every. Year of the Pérfon’s Life, the Sum’ of 
all the prefent Values of thofe Chances is the 
true Value of the Annuity. This will withe 
out doubt appear to bea moft laborious Cal- 
culation ; but it being one of the principal 
Ufes of this. Speculation, and having found 
fome Compendia for the Work,] took the pains 
to compute the following Table, being the 
fhort Refult of a not ordinary number of A- 
rithmetical Operations: It fhews ‘the Value . 
of Annuities for every Fifth Year of Age, to 
the Seventieth, as follows. © "°° 7 . 


Age Years Pur. Age Years Pur. [/ 


AL? 19528 4.25] 12,27. Soh, 9,21. 
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20! 12,78 ! as 9591 701 5,32. 4 


This fhews the great Advantage of putting 
Money into the prefent Fund lately granted 
to Their Majefties, giving 14 per Cent, per 
Annum, or at the Rate of 7 Years Purchafe 
for a Life; when young Lives, at the ufual 
Rate of Intereft, are worth above 13 Years 
Purchafe. It fhews likewife the Advantage 
of young Lives over thofe in Years; a Life of 


‘Ten Years beigg almoft worth 134 Years Pur- - 


chafe, whereas one of 36 is worth but tr. 
Use V. Two Lives are likewife valuable by 

the fame Rule; for the number of Chances 

of each fingle Life, found in the Table, be- 


ing multiplied together, become the Chances 


of the Two Lives. And after any certain 
VW 


Term 


erm of Years, the Produ@ of, the two re- 
maining Sunts is the Chances that both, the 


Petfons are living... The Produéof the two. 


2 th 


Ages propofed, isto the. difference_between 


bers‘of Perfons deceafed inany {pace of time} 
fo isthe Valu 
afterfo m ch’ time, ‘to the Va 
der-thé Contingency: of Mortality. And ‘as 
the aforefaid Produé of the two Numbers an- 
fwering to the Ages propofed, to the Pro- 
duét,of the. Deceafed of one. Age multiplied 
by. thofe. cemaining alive of the,other; fo 
the Value ofa Sum of Money to be paid after 
anytime propoled, ta the Valueot the Chan- 
ces, that, the one Party has that., he. furvives 
the. other ,.whofe..number of Deceafed , you 
made. ufe of,..in the fecond Term of the, Pro- 
ortion, .Thisperhaps may be better under- 

rood; by putting ‘W for, the number .of the 
younger Age,and # for that. of the .Elder ; 
Y,:y. the Deceafed of both Ages refpectively, 
and &, -r:for..the Remainders.; and R + ¥ 
- = Nandy + y == 2. Then fhall Nn be 
the whole Number of Chances; V2 —T y 
be the Chances that one of the two. Perfons 1s. 
ee Se epee | eee 
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living, Y y the-Chances that they are both 
dead; KR y the Chances that the elder Perfon 
is dead.and ithe younger living; and rY the 
Chances, «that the elder is living and the 
‘younger dead.; Thus two Perfons of 18 and 
85 are phopofed, and after 8 Years. thefe 
Chances are required. The Numbers for 18 
and 35; are 6ro and 4903 andthere are sO 


_ of the Firft: Age dead-in 8 Years, and 73 of 


the! Elder Ages There are in all 610 x 490, 
Or’ 298906 Chances; of thefe there are 
59X73, Or 3650, that they are both dead-. 
‘And a8 298900, to 298900 — 3656, or 205250: 
So is. the prefent. Value of a Sum: of Money 
to be paid after 8 Years, to the prefent Value 
ofa.Sam to be paid, if cither of the two live. 
Andias 560 x 73, foare the Chances that the 
Elderis dead, leaving the Younger ; and. as 


- 4187 x 50,f0 are-the Chances that the Younger 


is dead, leaving the Elder. Wherefore as 
610 x 490 to §60 x 73, fo is the prefent Va- 
lue ofa Sum to be paid at 8 Years end, to the 
sum to be paid for the Chance of the ‘Young 
er’s Survivance; and as 610 x 490 to 417x 50, 
fo-isothe fame preéfent Value to the Sum to 
be paid for the Chance of the Elder’s Survi- 


 Wancees . 


This poflibly may be yet better explained 
by expounding thefe Produ@s by Reangular 
Parallelograms, as in Fig. 7. wherein 4B or 
CD reprefents the number of Perfons of the 
younger’ Age, and D £E, BH thofe remain- 
ing alive after a certain Term of Years; whence 
CE will anfwer the number of thofe dead in 
that time: So AC, BD may reprefent the 
number of the elder Age; AF, BJ the Survie 

sta: U2 vors. 
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vors after the fame Term; and CF, DJ, 
thofe of that Age that aredead at that time. 
Then fhall the whole Parallelogram ABCD 
be Wax, or the Produc of the two Numbers 
of Perfons, reprefenting fuch a number ‘of 
Perfons of the two Ages given ; and by what 
was faid before, after the Term propofed, the 
Re@angle HD fhall be as the number of 
Perfons of the younger Age that furvive, and 
the. Rectangle AE as the number of thofe 
that die. So likewife the Rectangles 44,FD 
fhall be as the Numbers, living and dead, of 
the other Age. Hence the Rectangle HJ 
fha'l be as an equal number of both Ages fur- 
viving. The Rectangle F E being the Pro- 
duét of the Deceafed, or Yy, an equal num- 
ber of both dead. The Rectangle G Dor Ry, 
a number living of the younger Age, and dead 
of the elder: And the Re@tangle 4G or rf 
a number living of the elder Age, but dead 
ofthe younger. This being underftood, itis 
obvious, that as the whole ReGtangle 4D or 
Nz isto the Guomon FABDEG or Nu—-Ty, 
fo is the whole number of Perfons or Chances, 
- to the number of Chances that one of the two 
Perfons is living: And as 4D or Nx is to 
FE or Yy, fo are all the Chances, to the 
Chances that both are dead ; whereby may be 
computed the Value of the. Reverfion after 
both Lives. And as 4D to GD or Ry, 
fo the whole number of Chances, to the Chan- 
ces that the younger is living, and the other 
dead ; whereby may be caft up what Value 
ought to be paid for the Reverfion of one Life - 
after another, as in the Cafe of providing for 
Clergy-mens Widows, and others, by- fuch 
P01 | Reverfions. 
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Reverfions:. Andas 4ADto AG, or rT, fo 
are all the Chances, to thofe that the elder 
furvives the younger. I have been the more 
particular, and perhaps tedious, in this Mat- 
ter, becaufe it isthe Key to the Cafe of Three 


Lives, which. of it felf would not have been 


fo eafie to comprehend. 7 
- VIL. If Three Lives are propofed, to find 
the Value of an Annuity during the continu- 
ance of any of thofe three Lives; the Rule 
is, As the Produit. of the continual Multipheca- 
tion of the Three Numbers, in the Table, anfwer- 
ing tothe Ages propofed, is to the difference of 
that Produtt, and of the Produtt of the Three 
Numbers of the Deceafed of thofe Ages, in any 
given Term of Years: So isthe prefent Value of a 
Sum of Money, to be paid certainly after fo many 
Years, to the prefent Value of the fame Sum to be 
paid,. provided one of thofe Three Per fons be living 
atthe Exptration of that Term. Which Pro- 
portion being yearly repeated, the Sum ofall 
thofe prefent Values will be the Value of an 
Annuity granted for three fuch Lives. But 
to explain this, together with all the Cafes of 
Survivance in Three Lives: Let NW be the 
Number in the Table for the younger Age, 
w for the fecond, and » for the elder Age; 


let Y be thofe dead of the younger Age in the 
Term propofed, y thofe dead of the fecond 


Age, andy thofe of the elder Age; and let R 
be, the Remainder of the younger Age, r that 
of the middle Age, and e the Remainder of 
the elder.Age. “Then fhall R -|- Y be equal to 
N, rb y.to 2, and ev toy, and the conti- 
nual Product of the three Numbers Nx 
fhall be equal to the continual Produ& of 

Meg R 
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R-Y xx yx e-k v, which being the whole 
Number of Chances for three Lives, is com- 
pounded of the eight Products following. 
(1) Rre, which is the Number of Chances 
that all three of the Perfons' are’ living: 
(2) re Y, which is the Number of Chances 
that the two elder Perfons are living, and 
the younger dead. (3) Rey the Number 
of Chances that the middle Age is dead, and 
the younger and elder living. (4) Rrv be=- 
ing the Chances that the two younger are 
living,’ and the elder dead. (5): eT y the 
Chances ‘that the two younger are-dead, ands 
the elder living, (6) rYv the Chances that 
the younger and elder are dead, and the mid- 
dle Age living. (9) Ryd, which’ are the 
Chances that. the younger is living, and the 
two other dead. And* Laftly and Erghthty; 
Yyv, which are'the Chances that all three are 
dead. ‘Which latter: fubtracted from” the — 
whole Number of Chances NV’ v, ‘leaves 
Nnv—Y yv the Sum of all the other feven 
Produéts; in all of which one or more of the 
three Perfons are furviving., bo 
> To make this yet’ more evident, Phavead= 

ded! Fig: 8. wherein'thefe’ eight feveral Pies 
du&s are at-one view exhibited! “Lec: the 
rectangled Parallelepipedon ABCDEFGH 
be conftituted of the fides 4B, GH,’ @e. 
proportional to WV” the Number of the youn- 
ger Ave, AC, BD, Ge. proportional to ay 
and’ -A'G, CE, Ge. preportionalto the Num- 
ber of the elder, or”. And the whole Paras 
lelepipedon fhall be as the Product! N 27, OF 
our whole Number of Chances. Let 3 P be 
as Rk, and 4 P asY$ let CE beas.r, and: Lin 
as 
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at ys an 6 Aras’ e, atid ‘ NA.a$ ‘U5, “and: dee. 
the Plain PReabe made parallel t to the Plain, 
— ACEE s the Plain NPY parallel to ABCD; » 
and the Plain L ¥ TQ Q parallel to the Plain 
ABG H. And our firtt Product Rre_fhall 
béas the Solid STWIF Zeb... The. Seconds) 
or rer: will be as the Solid EY Ze O's M1, 
The-Third, Re y, asthe Solid RHOV W IST. 
And, the Hourth, Rrv,as the Solid ZabDWXIK. 
‘¥ifthly, eYy, as the Solid G ORSTANO. 
sicthlys: i! Yy, as IKLMGYZ A. ‘Seventhily,| 
JoRyoas the Solid« IKPOBXVW. And: 
aftly,., AIKLMNOP. will be asthe Pro-, 
duet th 3. Numbers .of Perfons: dead, -or. 
| T fhall ‘noteapply this. in.all the Cafes 
» tage tok breyity-fake.; only to fhew in one, 
_how,all‘the reft may, be performed Aet ito be} 
ickide what is the Value of, the: “Reverfi on 
f the younger Life after the two-elder pro- 
joled, The, Proportion is as.the whole Num-| 
| Her. of Chaiices Ree Nnv_-to the Product | 
R yu5, “fois the certain prefent Valué-of the) 
Sui: pieblcatier ony any ‘Term. ‘propofed, to the | 
Value “due tO fich ‘Ghances: as. fs Younger | 
Perfon has to bury: eh the elder, by + he| 
‘Term: propofeds. which-therefore-he is to 
for. Here it is to be noted, that the firft 
Term of. all, thefe. Bases ios ls, the, faihe 
throtighout, ‘viz. Nat. (The fecond. change 


ing. yearly According Jn - the. pea bier ef 


Rov & and Increale of, ¥ fa oe ¥, d. the thind: 
are sfucrel nels bass Rba lene. Tea se roe 
wayable z al fter ORE CHP . 8 ae a year apacy 
cording 4 fo, the: Rate, 6 Iatetstt Gno 
' Thefe - ‘Numbers, whic sibs ei fegrot 
_ Anmuities of rece wa i ave put into 


cy 
the 


# 


298  Mifcellanea Curiofa. 
the following Table, they being the Decimal 
Values of one Pound payable after the Num- 


ber of Years in the Margent, -at the Rate of 
6 per Cent. ial 


rs.|Pref Va-|Years. Pref. Va-\Y ears. 
lue of 1 1. Tue of 1 1. 


“4 10,9434 | 19 0,3305.| 37 
2 }0,8900 } 20 + 0,3118 | 380 
3 0,8396 a. 042941 |.39 
4 }0,7921- 4.22 05,2775 | 40 
“§ [9:74.73 | 23 0,2618'1 45 
‘6 _|9x7059 24 0,24.70 50 | 

Oe, 0,66 50 ' 25 05,2330 $5 

- -B |0,6274] 26 0,2198 | 60 

AED AOS STS 20" soo 267 Os 
10 40,§§84 | 28° o,1956 | 7 

oy ae 055268 29 0,184.5. 75 

oka FY a Aa aaa AVE Sea 

“FF (0,48S at Moet aS 

~T4* [0.4423 | 32 j0,1550 | 90 . 
1S 9.4173 | 33. |0,1462 | 95 
163936 | 34 051379 |100 
V7 953714. | 35 |O,r30r | - 
18 ‘10,3503 


3361051227 | 


~ Et were needlef§ to advertife, that the preat. 
trouble of working fo many Proportions will 
be very much alleviated by ufing Logarithms; 
and that inftead of ufing Na2v—Yyv for-the 
fecond ‘Term of the Proportion in finding. the 
Value of Three Lives, it may fuffice to ule 
only Ty v, and then dedudting the. fourth. 
‘Term fo found out of thé third, the a i 
coer: é ey PTO: BORE 


Ta cas 
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der fhall be the prefent Value fought’; or all. 
thefe fourth Terms being added: togetherjand: 
deduécted out of the Value of thecertain Annui-. 
ty for fo many Years, will leave the Value of 
the contingent Annuity upon the Chance of 
Mortality of all thofe Three Lives. . For Ex-' 
ample ; Let there-be Three, Lives..of “10y 305 
and 40 Years of Age propofed,.and the Pre«: 
portions will be thus ; a woo Hal 


As 661 in §31 in 445.0r 156190995, or Nag. 
to 8.in 8in 9, or 576,0r Y yu for the fir. 
_ | Near, fo, 0,943.4. to 0,00000348..) | 
To.15 in 16.in 18,, or 4320, for the. fecond 
Year, f0 0,8900. t0 0,90002462. ~-- 
To 21 in 24 in 28, or 14112: forthe -third: 
3 Year, [0 0,8396.to 0,00008128.. ....,. : 
To 27 in 32 in,38,, for the fourth Year, fo 


0,7921. tO. 90,0001 6650... 


To 33 in.41,in 48, for the fifth Year, fo 
: 057473 +0, 0,0003 107. . 25 a4} 

To 39 in 50 in. 58, for the fixth Year, f 

O70§9- tO 0,0005TO§T. 


_ And fo forth to the soth Year, when we. 
fuppofe the. elder. Life, of, F orty certainly to. 


be expired; from whence *till Seventy ,we. 


muft compute for the Firft and; Second only, 
and from. thence to. Ninety, for the,-fingle 
youngelt Life. ‘Then. the Sum. ‘Total, of all, 
thefe Fourth: Proportionals being takenout, 
of the Value of a certain Annuity for.oo, Years, 
being 16, 58 Years Purchafe, fhall leave: the. 
juft Value, to be paid. for an, Annuity.during 
the whole Term of the Lives of Three Per. 
fons of the Ages propofed. And note, that it 


will] 
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Will Hot be wedetaly'td"coirpate for! every 
Vear firighys bit that in moft Cafes every 4th’ 
or sth’ Year may fiffice,-interpoling for the: 


intermediate Years fecundum artem: 
‘ole may Be objected; that the different “Sulu-" 
brity of Places does’ hinder this Propofal from: 
being wniverfal + not'can“it Be denieds ~ But” 
by the Number’ that die, eink 1144. per _An~ 
uum in 34000, it does appear that about a’ 
3cth part die yearly, as Sir William Petty has 
computed: for Léndon s°aid-the' Number that 
die in Tufanicy, ‘is'a Good ‘Arediment that ‘the 
Air is but indifferently falabrious. “ So'that by. 
what Ft can'learn;s there cannot perfidps'be'on 
better Plate’ propoféd for a°Statidard. At. 
leaft ?tisdelired$ ‘that i imitation heredfthe 
Curious in* other Cities would attempt fome-, 
thingofthé fine Nature, tlian'which nothing 
perhaps can bé'more ufeful. = 
onWere “this Caléulus founded ‘on the Expe+ 
rience of a vefy great‘number of Years, it 
would be “éry well worth the while’to think 
of Methods: for facilitating ‘the Computation 
ofthe Value of two, three, or more Lives 5 
vhehgad propoted iar mi Former, feems Cas L 
aii inforin’d) ‘a Worl of too much Difficulty: 
for' the ‘ordinary ‘Arithmetician tocundertake. 
oP have'fought; if it tere poflible, to find a’ 
Theorem that might be* more concife: than: 
the eet get but’ id vain 5. for: 
all that-can be done 'to- expedite if) is hy Ta 
bles of Logarithins feady contpaped?'to éxhihie 
the! Ratiovies OF nto Yin’ h “fingte ited 
fot every thitd; fourth; of fifth Year oF Ace,' 


as oceafion fhall require ; afd’ thefe Logas, 


ms of the> 
preient 


ritims being added tothe Legarit 


i 
a. 


- prefeat Vatae of Money payable 
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Jayable after fo! fa-_ 
ny Years, will give a’Series of Nambérsy the 


- Sum of which will fhéw-thé Value of the Adv: 


nuity fought. : Howevet fot each Number’ of! 
this Seties,-ewo' Logarithms: for 'a fing lé Life? 


- three for! two Lives,and four for’ thiree Wives; 


ria iWeceflarily be added? dogether ? Tif vad! 
think the IWateer) under the Unicertaintiest 
I have mentioned, ‘to deferve it; F fhall fhort~! 
ly give'you fuch a Table of Logarithms, as P 
fpeak of, and an’ Example’ ortwo' of dhectfet 
thetedf: But’by Vulgar Arithmetick} #he Lat 
bour of thefe Numbers weré! immenfe ?-and! 
nothing will ifiore recommend thé ukful tact 


--yehtion of Logarithms to all Lovers of Nui 


bers, than the advantage of Difpatch- iw this: 
and fuch like'Computations.: 9 
“‘Befides the’ Ufes nientioned, ‘it may pa’ 
haps! not’ be an- whacceptable’ thing ‘to 
infer’ from! the fame’ Tables , how? unjatty 


we repine at the forties 6f° our’ Lives, and 


think our felves wronged if we attain not old! 
Age , whereas it appears' hereby, that the one’ 


half of thofe that aré borii ate dedd‘iit’Sever" 


teen’ Vears tine, £398 being ia'that time Fel? 
duced tos161' So that inftedd i tle 
at what we'callan tintitiély’ Dedthy we ouxhe! 
with’ Patience'and’ Unconcerit ' to fabmit® cP 


_ that: Diflolution which is:the-neceflary Condi’ 


tion of our perifhable Materials, and26F!one? 
nice and “frail ‘Structure. and Cont cnvente 
And to account it’ as’ @Bléfing thar Ww ha yet 


farviveds perhaps by may Vers hye Peed? 


«of iLife, whereat the one? half 6r thee wel 
; Yom 3 t . ’ i FA 


Race of Mankind does ‘not. arfivé??° \ 
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_A fecond Obfervation.I make. upon the faid - 
Table, .is that the. Growth and ‘Increafe of 
Mankind is not, fo much {tinted by any thing 
in the Nature of the Species,as it is from the. 
cautious difficulty moft People’make to‘adven-+ 
ture on the State of A4arriaze, from the Pro-. 
fpect of the Trouble and, Charge of ‘providing. 
fora Family.» Nor arethe poorer fort of Peo-: 
ple herein to be blamed, fince their difficulty’ 
of fubfifting is occafion’d by the unequal Di-- 
ftribution of-Poffeffions, all being neceffarily 
fed from the Earth, of which yet fo few are, 
Matters... So that befides themfelves and Fa-; 
milies, they: .are, yet. to work, for thofe who. 
own the Ground that feeds them: And of 
fuch does by very much the greater part. of 
Mankind confift ; otherwife it is plain, that 
there might well be four times as. many Births 
as.we now find... For .by Computation from: 
the Table, I find that there are. nearly 15000. 
Perfons above 16 and under 45, of which at. 
leaft 7000 are Women capable to bear Chil- 
dren. Of thefe notwithftanding there are but. 
1238.born yearly, which is but little more: 
than a fixth part: So that about one.in- fix of; 
thefe Women do breed yearly ; whereas were. 
they all married, it would not.appear, ftrange- 
or unlikely, that four of fix fhould bring a 
Child every Year. The Political Confequen- 
ces hereof I fhall not infift on; only the 
Strength and Glory of, a King being in the 
multitude of his Subjects, .1, fhall-only- hint, 
that above all things, Gelibacy ought, to. be) 
difcouraged, .as, by extraordinary, Taxing and, 
Military Service: And thofe who have nu- 
merous Families of Children to be counte- 

: : nanced 
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- nanced and encouraged by fuch Laws as the 
Sus trium Liberorum among the Romans. But 
efpecially, by an effectual Care to provide for 
_ the Subfiftence of the Poor, by finding them 
Employments, whereby they: may earn their . 
Brea, without being chargeable to the Pub- 
ICK. © Bay of See 


Te w* . La my ol, 4 
go, Mofcelanea Canrrofa. 
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cent of Heavy Bodies, and the 
Motion of Projects « briefly, but 
fully handled: Together with the 
Solution of a Problem of great 
Ufe in Gunnery. By E. Halley. 


WTATURE amidf the great Variety of 

N Problems, wherewith She exercifes the 
Wits of Philofophical Men, fcarce affords any 
one wherein the Effet is more vifible, and the 
Canfe more concealed, than in thofe of the 
Phenomena of Gravity. Before we can go 
alone, we muft learn to defend our felves from 
#he violence of its Impulfe, by not trufting 
the Center of Gravity of our Bodies beyond our 
reach ; and yet the acuteft Philofophers, and 
the fubtileft Enguirers 1nto the Original of 
this Motion, have been fo far from fatisfying 
their Readers, that they themfelves feem lit- 
tle to have underftood the Confequences of 
their own Hypothefes. 

Des Cartes his Notion, I muft needs confefs 
to be to me incomprehenfible, while he will 
have the Particles of his Celeftial AZatter, by 
being reflected on the Surface of the Earth, 
and fo afcending therefrom, to drive down 
into their Places thofe Terreftrial Bodies oth 

No 


<4 ie 
See. 
esr 
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_ find abovethem : This’s as.near-as I-camga- 
ther, the Scope of the 20, 21, 224 and 23. Ser 
_ Ghions of the laft Book of his Principia, Rhilafar 
phic, yet neither jhe, nor any of ‘his Follow: 
ers, canthew how-a Body fufpended in Libera 
eEthere fhall be carnied downwards-by a conti+ 
nual Impulfe tending upwards, and a@ing up- 
on all its Parts equally : And befides, the Ob- 
feurity wherewith, he expreffes himfelf parti: 
cwlarly, Sed. 23. does, fufficiently argue jac 
cording to hisiown Rules, the, .confufed Idea 


he had: of the thing hewrotes » °5 jpojiect 
., Others, and among them .Dr. Voffius, al- 
fert the Caufe-of. the Defcent. of heavy Bodies, 
to be the Diurnal Rotation of the Earth upon 
its Axis, without confidering, that according 
to the Doétrine of Motion fortified with De- 
monftration,.all Bodies moved éz.Circulo,would 
recede from the Center ef their Motion 5 
whereby the contrary to Gravity would fol- 
low, and all loofe Bodies would be caft into 
the Air in a Tangent to the Parallel of Latitude, 
without the.intervention. of fome other Prin- 
ciple-to. keep.them faft, fuch as is that of Gras 
wity. Befides, the Efe of this Principle is 
throughout the whole Surface of the Globe 

found nearly equal; and certain Experiments 
have proved it rather lefS near the Aqui~ 
uotival, than towards the Poles; which could 
not be by any sneans, if the Diurnal Rotation 
of the Earth upon its Axis were the Caufe of 
Gravity , for where the Motion was iwifteft, 
the Effect would be moft confiderable. 
. Others affign the Preflure of the Atmofphere, 
to be the Caufe of this Tendency towards. the 
Center of the Earth; but unhappily they have 
syord yt miftaken 
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miftaken the Caufe for {the Effet; it being 
from undoubted Principles plain, that the Ar- 
#10/pberé has no other Preffure but what it de- 
rives from its Gravity; and that the Weight 
of the upper Parts of the -4:r, prefling on the 
lower Parts thereof, do fo far bend the Springs 
of that Elaftick, Body, as to give ita Force e- 
qual to the Weight that comprefs’d it, hav- 
ing of it felf no force at all: And fuppofing it 
had, it will be very hard to explain the 2@- 
dus, how. that’Preffure fhould occafion the 
Defcent- of a Body circumfcribed by it, and 
preffed equally above and below, without fome 
other Force to draw, or thruft it downwards. 
But to demonftrate the contrary of this Opi- 
flion, an Experiment was long fince fhewn be- 
fore the Royal Society, whereby it appeared, 
that the Armofphere was fo far from being the 
Caufe of Gravity, that the Effects thereof were 
much more vigorous,where the Preflure of the 
Atmofphere was taken off; for a long Glafs- 
Receiver having a light Down-feather inclu- 
ded, being evacuated of Air, the Feather, 
which in the Air would hardly fink, did i va- - 
eud defcend with nearly the fame Velocity, as if 
it had been a Stone. 

2. Some. think to illuftrate this Defcent of 
Heavy Bodies, by comparing it with the Ver- 
tue °of the’ Leadftone , but fetting afide the 
difference there is in the manner of their 
AttraGions, the Loadjfone drawing only in 
dnd about its Poles, and the Earth near e- 
gually in all Parts of its Surface, this Compa- 
vifon avails no more than to explain ignotum 
per aque wnotum. . 


isin Others 


y ? 
be 
ce 
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_ Others aflign 4-certain Symipathetical: Attra 


&ien between\the.Earth and its Paits, wheres 


by they, have;.as:it were, a-defire to be uni- 
ted, tobe siaaated we eriquire after: But 
thisis fo.far from explaining the Atodus that 
itis little more, than’ to tell -us im: other 
Terms, that Heavy Bodies defcend, becaufe 
Pocy neler djl: la Sins seat ods el 

__This, I fay, not that Ican pretend to fub= 
{titute any Solution of this Important Philo- 
fophical Problein, that {hal more happily éx- 
phieate the Appearances of Gravity; only it’ 
may beferviceable to thofe with whom the 
Greditof great Authors fways much, and who 
tooreadily aflentin Verba Mariftri, to let them 


Tee that their Books-ate not always infallible = 


Befides, the detéGion of Errors’ is the frit 
and: fureft: Stép:itowards: ‘the. difcovery of 
aa : et 
‘Tho’ the efficient Caufe of Gravity be fo 
obf{cure, yet. the: final. Canfe thereof is. clear 
enough’; for itis by this ‘fingle ‘Principle, that 
the Earth and all the Celeftial Rodies are kept. 
trom Diffolution 5 theleaft of their Particles not 
being faffer’d:to recede: far from their ‘Surfae 
ces, without being immediately brought down 
again ‘by yirtue of this Natural Ti endency 5 
which, -for. their -Prefervation 5 the Infinite 
Wifdon: of their Creatér:‘has ordained to be: - 
tawards each of: their: Cearersj nor can the : 
Globes:of:the Suz and Planets otherwife be dé- 


‘ftroy’d, ‘but by taking! ftom’ them this Power > 


of keeping their Parts umted; rr 
_ Whe-Affections:6r Properties of Gravity, and — 
its. manner of actife: npon\Bedjesifalline, have 

cenitiha great meafure difcovered, and moft 


of 
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of them made out by A@athematical Demonftra- 
tion in this our Century, by the accurate dili- 
gence of Galileus, Torricellim, Hugenius, and 
others, and now lately by our worthy Country- 
-man,Mr. J/aac Newton,which Properties it may 
be very material here to enumerate, that they 
may ferve fora Foundation to all thofe that 
fhall be willing to fpend their Thoughts in 
eee of the true Caufe of this Defcent of 
‘boares. Ysa et 


The firft Property is, That by this Princi- 
ple of Gravitation, all Bodies do defcend to- 
wards a Point, which either is, or elfe is ye- 
ry near to the Center of Magnitude of the 
Earth and Sea, about which the Sea forms it 
felfexactly into a Spherical Surface, and the: 
Prominences of the Land, confidering the Bulk 
mt the whole, differ but infenfibly there- 
rom. | 


Secondly, That this Point or Center of Gra- 
vitation, is fix’d within the Earth, or at leaft 
has been fo, ever fince we have any Authen- 

tick, Hiffory: For a Confequence of its Change, - 

tho’ never fo little, would be the over-flow- — 
ing of the low Lands on that fide of the 
Globe towards which it approached, and :the 
leaving new Iflands bare on the oppofite fide, 
from which it. receded} but for this'Two 
thoufand Years it appears, that the low Iflands © 
of the Mediterranean Sea. (near to which the» 
ancienteft Writers lived) have continued much 
at the fame height above the Water,. as they 
now are found ;cand no Jvuxdations or Receffes 
of the Sea atguing:any: fuch Change, are -re-- 
, Sort bus .DdISVOOUD ¢ ROI ISO TS corded: 
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corded in Hiftory; excepting the Uxiverfal 
Deluge, which can no better way. be accoun- 
ted for, than by fuppofing this Center of Gra- 
vitation removed for a time, towards the inid- 
dle of the then inhabited Parts of the World ; 
and a change of its Place, but the two thou- 
fandth Part of the Radius of this Globe, were 
fufficient to bury the Tops of the higheft Hills 
under Water. Ss pean 
Thirdly, That in all Patts of the Surface of 
the Earth, or rather in all Points equidiftant 
from its Center, the Force of Gravity is nearly 
eqyal ; fo that the length of the Pendulum vi- 
brating Seconds of Time, is found in -all Parts 
of the World to be very near the fame. Tis 
true at S. Helena, in the Latitude of 16 De- 
"grees South, I found that the Pendulum of my 
Clock, which vibrated Seconds, needed to be 
made fhorter than it had been in England, by 
a very fenfible Space (but which at that time 
_ Lneglected to obferve accurately) before it 
_ would Ketp time; and fince the like Obfer- 
vations have been made by the french Obfers 
vers near the e&quimoétial : Yet I dare not 
afhrm, that in mine it proceeded from any 
other Caufe, than the great Heighth of my 
Place of Obfervation above the Surface of the 
Sea, whereby the Gravity being diminithed, 
the length of the Pendulum vibrating Seconds, 

is proportionably fhort’ned. 2 IR ae 
Fourthly, That Gravity does equally affed alf 
Bodies, without regard either to their Matter, 
Bulk, of Figure ; fo that the Impediment of 
the Atedinm: ak temoved, the moft com- 
pact and moft loofe, the preateft and fmalleft 
sestits would defcend the fame Spaces in equal 
2 Times 3. 


310 Mifcellanea Curiofa. = 
Times; the Truth thereof..will appear from 
the Expériment 1 before cited. In thefe two 
jaft-Particulars, is fhewn the great difference 
between, Gravity and, Adaguetif{m, the one.af-_ 
fetting only Jron, and that towards its Poles, 
the other all Bodies alike in every part. As a 
Corollary, from hence it will follow, that there 
is no fuch thing as pofiteve Levity, thofe things 
thatappear light, being only comparatively 
fo ; and.whereas feveral things rife and fwim 
in Fluids, “tis becaufe,: Bulk for Bulk, sthey 
are not fo heavy.as thofe Fluids 5 nor is there 
any Reafon why Cork, for Inftance, fhould be 
faid to be light, becaufe 1t fwims on Water, 
any moré than-Jroz, becaufe it fwims on AZere 
COVY. OO ee ARE Bene Reh © Soe f . 
i. oh That this Power increafes asyoudefcend, 
and decreafes as youafcend from the Center, 
and that.in the Proportion of the Squares of the. 
Diftances therefrom reciprocally, fo as ata dou- 
ble Diftance to have but a quarter of the. 
Force;,this Property is the Principle -en which, 
Mi. Nemton has made out all the Phanomena of 
the Céleftial, Matsons, fo. calily and naturally, 
that its Truth is paft Difpute. .Belides that,. 
itis higly rational, that the, attrathive or gram: 
vitating Power. fhould exert it, felf more vigor! 
“youfly in a fmall Sphere, and weaker in a.grea~. 
ter. in proportion as “it is.contractedi:or. €y=> 
panded’; and iffo, feeing, that the: Surfaces Of} 
Spheres.are as the Squares oftheir, Radiz,, this 
Power, at. feveral. Diftances, ;will, be as. thes 
Sgudres of thofe Diftances reciprocally, amd then. 
itswhole*AQion upon.cach -Spherical Surface, 
beit? great or finall, will be always vequal. 
And this is evidently the Rule of Gravitation: 
PRED a towards 
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- towards the Centers-of the Sun, Fupiter, Saturn 
and ‘the Earth, and thence is reafonably in- 
ferred, to be the general. Principle obferved 


by Nature, in all the reft: of the’ Celeftial 


Bodies. 4 88d tris Doyigoc 
’ Thefe are the principal Affections of Gra- 
vity, from which the Rules of the Fal of Bo- 
dies, and the Motion of Projetts are Mathemati~ 
cally deducible. Mr. J/aac Newton has thew’d: 
how to define the Spaces of the: Defcent. of a 


Body, iet fall from any given: heighth, down’ 


to the Center, fuppofing the Gravitation to 
increafe, aSinthe fifth Property; but -confi> 
dering the finallnefs of heighth, to which any 
Project can be made afcend, and over how lit-. 
tle an arch of the Globe it can be caft by any 
of our Engines, we may well enough fuppofe 
the Gravity equal throughout, and the Defcents. 
of Projects in parallel. Lines, which in Truth. 
are towards the Center, the difference being’ 
fo fmall as by no means to be difcovered in 
Prattice. he Oppofition of the Air, ’tis trues 


is confiderable againft all light Bodies moving: 


through it, as likewife againft finall ones (of 


which more hereafter) but in great and pon-- 


derous Shot, this Impediment is found by Ex- 


4 perience but very finall, and may fafely be new 


glected. 


Propofitions concerning the Defcent. of Heavy Bo-~ 


dies, and the Motion of Projects. 


Prop. I. The Velocities of falling Bodies, are 
proportionate to the Times from the begin- 


ning of their Falls, 


9 ae This 
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This follows, for that the Action of Gravi- 
ty being continual, in-every Space of Time, the 
falling Body receives a new Impulfe, equal to 
- what it had before, in the fame Space of Time, 
received from the fame Power : For Inftance, 
in the firft Second of Time, the falling Body 
has acquired a Velocity, which in that time 
would carry it toa certain Diftance, fuppofe 
32, Foot, and were there no new Force,would 
defcend at that rate with an equable Motion : 
But in the next Second of Tite, the fame 
Power of Gravity continually acting thereon, 
fuperadds a new Velocity equal to the former. 
fo that at the end of two Seconds, the Velo- 
city is double to what it was at the end of the 
firft, and after the fame manner may it be 
proved to be triple, at the end of the third 
Second, and fo on. Wherefore the Velocities 
of falling Bodies, are proportionate to the 
Times of their Falls, QO. E. D. 

"Prop. I. The Spaces defcribed by the Fall 
of a’Body, are as the Squares of the Times, | 
from the beginning of the Fal. 

' Demonftration. Let AB (Fig.9 Tab. 4.) 
reprefent the Time of the Fall of a Body, BC 
perpendicular to A B, the Velocity acquired 
at the end of the Fal,and draw the Line AC; 
then divide the Line AB reprefenting the 
‘Time, into as many equal Parts as you pleafe, 
as b,b, b, b, @e. and through thefe Points 
draw the Lines be, be, bc, bc, Ge. parallel to 
BC, ’tismanifeft that the feveral Lines, be, 
reprefent the feveral Velocities of the falling 
Body, in fuch Parts of the Time as Ab is of 
AB, by the former Propofition. It is evident 
likewife, that the rea ABC is the Sum of 


ai} 
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all the Lines’ bc being taken, according to 
_ the Method of Jxdivifibles, infinitely many ; 
fo that the Area ABC reprefents the Sum 
of all the Velocities, between none and BC 
fuppofed infinitely many ; which Sum is as the 
Space defcended in the Time reprefented by 
AB. And by the fame Reafon the Areas 
Abe, will reprefent the Spaces defcended 
inthe Times Ab; fo then the Spaces des 
{cended in the Times A B, Ab, are as the _4- 
reas of the Triangles ABC, Abc, which by 
the 20th of the 6 of Euclid, are as the Squares 
of their Homologous Sides AB, Ab, that is to 
fay, of the Times: Wherefore the Defcents 
of falling Bodies, are as the Squares of the 
Times of their Fall, Q. E. D. | | 

Prop. MI. The Velocity which a falling Body 
acquires in any Space of time, is double to 
that, wherewith it would have moved the — 
space, defcended by an equable Motion, in 
the fame time. } , 

Demonfiration. Draw the Line BC paral- 
Jel to AB and-AE parallel to BC in the 
fame Fig.9. and compleat the Parallelogram 
ABCE, itis evident that the Area thereof 
_ May reprefent the Space, a Body moved equa- 

bly with the Velocity BC would defcribe in 
the. Time AB, and the Triangle ABC re- 
prefents the Space defcribed by the Fall of a 
Body, in the fame Time AB, by the fecond 
Propofition. Now the 7; riangle ABC is 
half of the Parallelogram ABCE, and confe- 
quently the Space defcribed by the Fall, is 
halt what would have been defcribed by an 
equable Motion with the Velocity BC, in-the 
fame Time; wherefore the Velocity BC atthe 


OA 4. end 
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end of the Fail, is double to that Velocity, which 
In the Time*AB, would have defcribed the 
Space fallen, reprefented by the Triangle ABC, 
with an equable Aforion, QvE. D. b AEANS S 
~ Prop. IV. All Bodies-on or’ near the Surface 
of the Earth, in their Fall, defcend fo, as at 
the end.of the firft- Second of Time, they 
have defcribed 16 Feet, 1 Inch) Landon Mea- 
fore, and acquired the Velveity of 32 Feet, 
2 Inches, in a Second. Der td teie 

This is made out from the 25th Propofition 
of the fecond Part of that excellent Treatife 
of Mr. Hugenius de Horologio 9) {cillatorio - where- 
im he demonftrates the time of the leaft Vi- 
brations of a Pendulum, to be to the Time of 
the Fall of a Body, from the heighth of half 
the length of the Pexdulum, as the Circumfe- 
rence Of a Circle to its Dianieter ; whence, asa 
Corollary, it follows, that as the Sguare of the 
Diameter to the Square of the Circumference, fo 
half the length of the Pendulum vibrating Se- 
tonds, to the Space defcribed by the Fall ofa 
Body in a Second of Time: And the Length of 
the Ievdulum vibrating Seconds, being found 
39, 125, Ors Inches, the De/cent in a Second 
will be found.by the aforefaid Azzlogy 16 Foot 
and 1 Inch; and, by the third Propofition, 
the Velocity will be double thereto; and near 
to this it hath been found by feveral Experi- 
ments, which by reafon of the /wiftve/s of the 
Fall, cannot fo exactly determine its Quantity. 
The Demonftration ‘of Augenius being the 
Conclufion of a long Train of Confequences, Y 
fhall for brevity fake omit § and refer you to 
his Book, where thefe things are more amply 
treated OF.i Wakes oct f 
bat IE Os Prom 
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. From.thefe Four Propofitions, all Guclhvrs 
concerning the Perpendicular Fall of Bodies, are 
eafily folued, and either Time, Height, or, Vea 
locity being affigned, one may readily.find the 
other two., From them likewife isthe.Dos 
Grine of Projeéts deducible, affuming. the.tvwo 


following Axioms ; viz. That a. Body fet a 
moving, will move on continually .in a.tight 
Line with an equable Morion, unle{s.fome other 
Force or Impedimént intervene, whereby it is 
accelerated, or retarded, or deflected... ..- 
“Secondly, “That a° Body being: agitated sby 
two Motions at a time, does by their. compour= 
ded Forces pafs through the fame Pocats, as. it 
would do, were the two Actions divided and 
acted fucceffively. As for Inftance, Suppofe.a 
Body movedin the Line GF, (Fig. 1. Tab.g.') 
from G to R, and there ftopping, by anos 
ther Jmpulfe, fuppofe it moved ina Space, of 
Time equal to the former, from: R. towards 
K, to V. Ifay, the Body fhall pafs through 
the Point V, tho’ thefe two feveral Forces adied 
both in the fame time. earl 2 
_ Prop. V. The AMdotsen of all Projects is.in.the: 
Curve of a Parabola: Let the Live GRE: Gite 
Fig. 1.) be the Lime in which the Projed.is di-: 
rected, and in which by the fir. Axiom. it 
would move equal Spaces in equal Times, were 
it not defle&ted downwards by the Force of 
Gravity. Let GB be the Horizontal Line,and 
GC a Perpendicular thereto. Thenthe Line 
GRF being divided into-equal Parts,.an- 
fwering to equal Spaces of Tine, let: the Def-: 
cents of the Projecé be laid dawn:in Lines paral~ 
lel to GC, proportioned as the Squares.of the 
Lines GS, GR, GL, G#,-or as the Squares 
7 7 ii } of 
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of the Times, from S to T, from R to V, 
from L to X, and from F to B, and draw 
the Lines TH, VD, XY, BC parallel to GF; 
I fay the Points T, V, X,B, are Points inthe 
Curve defcribed by the Proje, and that that 
Curve isa Parabola, By the fecond Axiom, 
they are Points in the Curve; and the Parts of 
the Defcent GH, GD, GY, GC, = to ST, RV, 
UX, FB, being as the Squares of the Times (by 
the fecond Prop.) thatis, as the Squares of the 
Ordinates, HT, DU, YX, BC, equal to GS, 
GR, GL, GF, the Spaces meafured in thofe 
Times ; and there being no other Curve but 
the Parobola, whofe Parts of the Diameter are 
as the Squares of the Ordinates, it follows that 
the Curve defcribed by a Projeét, can be no o- © 
ther than a Parabola: And faying, as RU the 
Defcent in any time, to GR or UD the dire 
Motion in the fame time, fo is UD to a third 
proportional ; that third will be the Line cal- 
led by all Writers of Cozicks, the Parameter 
of the Parabola to the Diameter GC, which is 
always the fame in Projects caft with the fame 
Velocity: And the Velocity being defined by 
the Number of Feet moved in a Second of Time, 
the Parameter will be found by dividing the 
Square of the Velocity, by 16 Feet, 1 Inch, the 
Fall of a Body in the fame Time. 


Lemma. 


The Sine of the double of any Arch, fs equal 
to twice the Sine of that Arch into its Co-fine, 
divided by Radius; and the ver/ed Sine of the 
double of any Arch is equal to twice the Square 
of the Sime thereof divided by Radius. 

Ler 
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{ct the Arch BC (in Fig.2. Tab.5.) be double 
the Arch BF, and A the Center ;draw the Radit 
AB, AF, AC, and the Chord BDC, and let 
_ fall BE perpendicular to AC, and the Angle 
EBC, will be equal to the Azgle ABD, and 
the Triangle BCE, will be like to the Trian- 
gle BDA; wherefore it will beas AB to AD, 
fo BC or twice BD; to BE; that is, as Radius 
to Co-fine, fo twice Sine, to Sine of the double 
Arch, And as AB to BD, fo twice BD or 
BC to EC, that is, as Radius to Sine, fo twice 
that Sine, to the Verfed Sine of the double 
Arch ; which two Avalogies refolved into Equa- 
tions, are the Propofitions contained in the Lenr~ 
_mato be proved. ete OF oF 
Prop. VI. The Horizontal Diftances of Pro- 
- jeétions made with the fame Velocity, at feve- 
ral Elevations of the Line of Direction, are as 
the Sines of the doubled -dAzgles of Eleva- 
t107n. , : . Shove oo) ef 3 cA 7 eee: 
Let GB (Fig. 1.) the Horizontal Diftance 
be ==z, the Size of the Angle of Elevation, 
FBGB, be ==, its Co-fine = c, Radius =r, and 
the Parameter =p. It will beasctos; fozto 
+ =FB=GC, and by reafon of the Parabola: 


_ Pex 


rt == to the Square of CB,or GF,. Now as ¢ 
Cc , : 
to r,fo is z.tozr== GF, andits Square %%7" 
es co 

; p 5 x pa EP } 
will be therefore = LO pate . which Equation 


reduced will be 4°" =z. But by the former 
Lemma * : * is equal to the Size of the dou- 


ble 


= 
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ble: Angle; whereof .s isthe Sive:: ‘Wherefore 
twill be.as. Radius to Sine of double the Axgle 
EGB, -fo 1s half the Parameter, to the Horizon- 
tal Range or Diftance fought; and at the feve- 
ral Elevations, the Ranges are-as the Sixes of 
the double dzgles of Elevation QO. E.D. 


4 


Corollary. 


Hence it follows, that half the Parameter is 
the greateft Raudon, and that that happens at 
the Elevation of 45 Degrees, the Sine of whofe 
double is Radius. ..Likewife that the Ranges 
equally diftant above and below 45 are equal, 
as are the Sizes of all doubled Arches, to the 
Sines of their doubled Complements. _ 

_ Prop. Vil. The Altitudes of Projections made 
with the fame, Velocity, at feveral Elevations, 
are as the verfed Simes of the doubled 4zgles of 
Elevation: Asc is to s:: fo is fi *==GB to 


>> == BF: and UK = RU = BF, the 4/- 


oS a 4 
: haan ps ¢ | 
titude of the Projection seme TEE Now by the 


foregoing Lemma —— to the verfed Sine of 


the double Avzgle, and therefore it will be as 
Radius, to verfed Sine of double the -Axgle 
FGB, fo an 8th of the Parameter to the height 
of the Projection VK; and fo thefe heights at 
feveral Elevations, are as the faid verfed Sines, 
Q. E.D. - : 


Corvllary. 


eee Latins 
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| Corgan. ots bakot 
‘From hence it is plain, that the preateft 
Altitude of the perpendicular. Projection is a 
4th of Parameter, or half the greateft Horizon- 
tal Range ; the verfed Sine of 180 Degrees be- 
Bi ea ee ee oe 
Prop. VIII. The Lives GF, or Times of the 
Flight of a Project caft -with the fame Degree 
of Velocity at different Elevations, are as the 
Sines of the Elevations. ~~~ Dee es 
Ascis tor :: fo is*<- = GB by the 6 
Prop: to £* ==GF, that is, as Radius to Sine. 
of Elevation, fo the Parameter.to the Line GF; 
fo the Lives GF are asthe Simes of .Elevation,: 
and the Times are proportional to thole Lives, 
wherefore the Times are as the Sines of Eleva-. 
tion: Ergo conftat propofitio. : 
Prop.1X. Problem: A-ProjeGtion being madé- 
as you pleafe, having the. Diftance and. Alti- 
tude, or Defcent, of an Objet, through which. 
the Project pafles, together with the Azgle of. 
Elevation of the Line of Direttion , to find the 
Parameter and Velocity, that is (in Fig..1.) .har 
ving the Angle FGB, GM, and MX. nt 
Solution. As Radius to Secant of FGB,fo GM: 
the Diffance given to GL; and as Radius to 
Tangent of FGB, fo GM to LM.. .Then LM: 
— MX in Heights, ‘or; MX in Defcents; or” 
elfe MX — ML, if the Direétion be below the’ 
Horizontal Line, isthe Fall in the Time that the . 
dire Impulfé given in G would have carried 
the Project from G to L=*LX =GY; then by 
ye Reafon 


Bg 
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Reafon of the Parabola, as LX or GY, is to 
GL or YX, ::fois GL to the Parameter fought. 
To find the Velocity of the Jmpulfe: by Prop. 2, 
and 4, find the Time in Seconds that a Body 
would fall the Space LX; and by that. divi- 
ding the Line GL, the Quote will be the Velo- 
csty, Or Space moved ina Second fought, which 
is always a mean Proportional between the 
Parameter, and.16 Feet,1 Inch: , 
Prop. X. Problem 2... Having the Parameter, 
Horizontal Diftance, and Height or Defcent 
ofan Object, to find the Elevations of the 
Line of Direétion neceflary to hit the given 
Objet; that is, having GM, MX, and the 
greatelt Rando equal to. half the Parameter = 
to find the Angles FGB. © ae 
Let the Tangent of the Angle fought be aoe 
the Aorizontal Diftance GM ==, the Altitude 
of the Obje% MX==, the Parameter = p, and 
Radius==r, and ees be, 
t Sar LS gee 
Asr tot; fob to, ML and -— 5b 
in afcents =LX, and 3 
indefeents?° 3 Say : 
. b Fp p—=GL quad, =XY quad. vatione Pa- 
7 e%) «te ‘ 


foie 


bb GL quay x. Bidid AWhetetore 
ar hbo ar which Equation trans 
Spofedscjge 26 St. “ cote Sere ee eas 
pee pach bp divided by bb Is 
nolssyi i 


é 4 
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f ee ahs é as 1. this Equation fhews the Que= 


ftion tohave 2 eee: si the Roots there | 
of are foots ears ona ae ; 


from which I derive the aes Rule. 


Divide half the Parameter by the Horizon- 
tal diftance, and keep the Quote 5 Vik. Ay 


then fay, as fquare of the diftance given to Fhe 
half Parameter, fo half Parameter ra double 
‘ height 4 h- 
defcent r w 
The Tangent anfwering to that Secazp, will be. : 
viper or Square of Radius, ~ fe 
46 ; 
fo then the fam and difference of the aa 
found Quote , and this Tangent will be the 
Roots of the Equation, and the Te ng claee - , 
the Elevations fought. 7 


to the /quare of a Secant = 


Note here, that in De/cents, ic the T. angent 
exceed the Quote, as it does when ph is more. 
than 6b, the -direétion of the lower Elevation 
will be below the Horizom, and if ph==bb, it 
muft be directed Horizontal, and the Tangent. 


of the upper Elevation will bel: Note like=_ 


wife, that if 4bb 4-4 phin ya or 4. 'Gien 
4phin defcents, be equal to pp, there is but. 
one Elevation that can hit the Odjett,. and its.. 


Tangent i is FE 2b And it 4d ap h inafcents, 
| or 
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or 4bb--4ph in defcents, do exceed pp, the Ob- 
jet is withoue-tie reach of a Project caft with 
that Velocity, and fo the thing’ impoffible.” 
From this Equation 4bb-|-4ph==pp are deter - 
mined the utfoft limits of the reach of any 
Projet, and the Figure afligned, wherein aré 
all the heights upon each Horizontal diftance 
beyond which it cannot pafs ; for by reduction 
ofthat Equation, b will be found —+ por. 


‘in heights, | ak Rin defcents ; from, 
whence it follows, that all the Points b aré ia . 
the Curve of the Farabola, whofe Focus is the 
Point from whence the Projet is caft, and 
whofe Latus. rethim,, or Pardmeter ad Axeni 
is =p. Likewife from the fame Equation. may 
the leaft Puramerer‘or Pelocity be found capa-" 
ble to reach.the Objeé propofed ; for bb = 
ppp. being wees BPW Dee 
Se i afeents x 
fbb -\ hhm. boi defcents, Wich ni oye sei 
zontal Range at 45 degreés, of a Project caft 
with the leaf Velocity. that, would. juft 
reach the Olje#, and the Elevation requilite 
wiIP be‘eafily had ; for dividing the fo found | 
Semi-paramerer by the Horizontal diftance given. 
b;: the Quote into Radius will be, the Tangent. 
of the Elevation fought. This Rule may be of 
good! ufecté all Bombardiers and Guaners, not 
only that they Inay ufe no more Ponder than. 
isntcéffary, ‘tov@all elk Romabs into the place | 
alfisneds ‘but tat they may fhoot with much ” 
mote’-certamty, for that a fifall Error com. 
mitted in. the,£ levatipg Of the Piece, will:pros 2 
dice no fenfible Difference in tlefall of the 
19 Shot ; 


—~ Mifcellavea Curiofa. . 222 

Shot : For which Reafons the Fresch Engi- 
neers in. their late Sieges have. ufed Mortar- - 
pieces inclin’d conftantly to the Elevation of 
4§, proportioning their Charze of Pouder — 
according to the diltance of the Obje they 
intend to, {trike onthe Horizon. 

And this is all thac need to be faid con- 
cerning this Problem of fhooting upon Heights 
and Defcenxts. But if a Geometrical Conftrudti- 
on thereof be required ; I think I have one 
that is as eafy.as can be expected, which I de- 
duce from the foregoing -Avdlytical Solution, 

BES Wie fae Sn ed Bae 
Vikve oe Au5 af Bah P een and’tisthis ha» 
eS pe bb 7 

ving made the right Angle GDF ,(Tab.5.Fiz.3.) 
make D F ==; p, or greateft Range, and GD 
== b the Horizontal Diftance, and D B==4 the 
perpendicular heighth of the Obje@; to be laid 
upwards from D, if the Object be above the 
Horizon, or downwards if below it. Paral. 
lel to GD draw F A, and make it equal to 
GB the Hypothenufal Diftance of the Ob- 
ject; and with the Center A and Radius FB 
== 2p 4 fweepan Arch, which fhall if the 
thing be poflible,, interfe@ the indeterminate 
Perpendicular D F in two Points K and-J, 
to which draw the Lines, GL, GK, I fay. 
the Angles DG K,D GL, are the Elevations 
requifite to ftrike the Object B. | 

_ Demonftration. The Sq. of EK or FL, is’: 
equalto F Ba-%G.B ¢: ors p 4 hy’ —bb = bh 
or 4 pp -t ph—bb, and therefore Vi ppal po— bo 
isa=E Ke= EL, and by Confequence DK, 
DL==3 piv t ppt ph—~bb. AndasDG: 
IK and D ee : Tangents fought, - 


which: 
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which coincides with our Algebraical Expref- 
fion thereof. | | 

Prop.XI.To determine the Force or Velocity of 
a Projeéin every Point of the Curveit defcribess 
_ Todo this we need no other Precogwita, but 
only the third Propofition, vz. That the Ve- 
locity of falling Bodies, is double to that which 
in the fame time, would have defcribed the 


Space fallen by an equable Motion: For the — 


Velocity of a Project, is compounded of the 
conftant equal Velocity of the imprefled Mo- 
tion, and the Velocity of the Fal, under a gi- 
ven Angle, viz. the Complement of the Eleva- 
tion: For Inftance, in Fig. 2. in the time 
wherein a Proje&t would moue from G toL, it 
defcends from L to X, and by the third Pro 
pofitian has acquired a Velocity, which in that 
time would have carried it by an equable Mo- 
tion from L to Z, or twice the Defcent LX; 
and drawing the Line GZ, I fay, the Velocity 
in the Point X, compounded of the Velocities 
GL and L Z under the Angle G L Z, is to the 


Velocity impreft in the Point G, as GZ isto - 


GL; this follows from our fecond Axiome , 


and by the 20 and 21 Prop. lib. 1. conic. Ati-- 


dorgii, XO parallel and equal to G Z fhatl 
touch the Parabola in the Point X. So that 
the Velocities in the feveral Points, are as the 
lengths of the Tangents to the Parabola in thofe 
Points, intercepted between any two Diame- 
gers: And thefe again are as the Secants of the 
Angles, which thofe Tangeuts continued make 


with the Horizontal Line GB. From what is 


here laid down,may the comparative Force ofa 


Shot in any two Points of the Curve, be either 


Geometrically or Arithmetically difcovered: - 
it Corollary, 
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Corollary. | 


From hence it follows, that the force of a 
Shot is always leaft at U, or the Vertex of the 
Parabola,and that at equal diftances therefrom, 
as at T and X, Gand B its force is always e- 
qual, and that the leaft force in U is to that 
in G and B, as Radius to the Secant of the 
Angle of Elevation RGB. 

_ Thefe Propofitions confidered,there is no que- 
{tion relating to Projects, which, by the help 
of them, may not eafily be Solved; and tho’ 
it be true that moft of them are to be met 
withal, in Galileus Torricellius and others, who 
have taken them from thofe Authors, yet 
their Books being Forreign, and not eafy to 
come by, and their Demonjftrations long and 
‘difficult, I thought it not amifS to give the 
whole Doétrine here in Englifh, with fach fhort 
Analytical Proof of my own, as might be fuffi- 
clent to evince their Truth. i; 
| The Tenth Propofition contains a. Problem, 
untouch’d by Torricellius, which is of the grea- 
teft ufein Gunnery, and for the fake of which 
this Difcourfe was principally intended: It 
was firft Solved by Mr. Anderfon, in his Book 
of the Genuine Ufe and Effeds of the Guz, 
Printed in the Year 1674; but his Solution 
required fo much Calculation, that it put me 
upon fearch, whether it might not be done 
more eafily, and thereupon in the Year 1678 
I found out the Rule I now Publifh, and from 
it the Geometrical Conftruétion: Since which 
time there has.a largeglreatife of this Subje@ 
Intit?d, L’are de jerter les Bombes, been Pub- 
XT 2 é lid 
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lifh’d by Afonfieur Blondel, wherein he gives 
the Solutions of this Problem by Afeffieurs Buot, 
Romer and dela Hire: But none of them be- 
ing the fame with mine, or, in my Opinion, 
more eafy, and moft of them more Ope- 
rofe, and befides mine finding the Tangent, 
which generally determines: the Aygle better 
than its “Sive, I thought my felf obliged to 
Print it for the ufe of all fuch, as defire to 
be informed in the Afathematical part of the 
Art of Gunnery. o | 4 | 
Now thefe Rules were rigidly truce, were it 
not, as I faid before, for the Oppofition of 
the Medium, whereby not only the dire& im- 
preft Motion is continually retarded, by like- 
wife the increafe of the Velocity of the Fall, 
fo that the fpaces deferibed thereby, are not 
exactly as the fquarées of the Times: But 
what. this Oppofition of the Air is; againft 
feveral Velocities, Bulks, and Weights, is not fo 
-eafy to determine. .’Tis certain that the 
weight of Air to that of Water, is near- 
ly as 1. to 800, whence the weight thereof, to 
that of any Project is given ; ’tis very likely, 
that to the fame Velocity, and Alaguitude, but 
of different matter, the Oppofition fhould be 
reciprocally as the weights of the Shot; as 
likewife that to Shot of the fame Velocity and 
Matter, but of different. Sizes, it, fhould be 
as the Diameters. reciprocally : Whence gene- 
nerally the Oppofitzon. to, Shot with the fame 
Velocity, but of differing Diameters, and Aa- 
terials, fhould: be as their Specifickh Gravities 
into their Diameters reciprocally; but whether 
the Oppofition, to.differing Velocities -of the 
fame Shot, be.as the Squares of thofe Veloci- 
| : — t1e5. 
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ties, Ow as the: Velocities themfelves, or o7 
therwife, is yet a harder Queftion. How- 
ever it be, tis certain, that in large Shot 
of AMettal, whofe weight many Thoufand 
times: furpafles that. of the ir, and whofe 
force-is very great, in proportion to the 
Surface wherewith they prefs thereon ; this 
Oppofition is fcarce difcernable: For by fe- 
veral Experiments made with all Care and 
Circumfpection witha Alorterpezce, Extraor- 
dinary well fixt to the Earth on purpofe, 
which carrieda folid Brafs-Shot of four Inches 
anda ‘half Diameter, and of about fourteen: 
Pound Weight, the Ranges above and below 
forty five Degrees were found nearly equal; - 
if there were any difference, the under 
Ranges went rather the fartheft, but thofe. 
differences: were ufually lefs than the Er- 
rours committed in ordinary Practice, by the 
urtequal’ Goodnefs, and Drynefs of the fame 
fort of Potder, by the Unfittnefs of the 
Shot to the Bore, and by the Loofhefs of the 
Carriage. | | 

o Ina fmaller Brafs-Shot of about.anInch and 
half Diameter,.caft by, a Crofs-Bow which 
ranged it, at moft about four Hundred Foot, 
the Force being much more equal than in the 
Morterpiece, this difference was found more 
Curtoufly : and Conftantly and moft Evident- 
ly, the under Ranges eut went the upper. 
¥rom which Trials | conclude, that altho’ in 
fmal] and light Shot, the Oppofition of the 
Air, ought and muft be accounted for , yet 
in Shooting of great and weighty. Bombs, 
there need be very littleor no allowance made; 
and fo thefe Rules may be put in praétice to all 
| ry ¥ 3 Intents 
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Intents and Purpofes, as if this Impediment 
were abfolutely remov’d. | 


A Propofition of general Ufe in the Art of Gun- 
nery, fhewing the Rule of laying a Mortar to 
pafs, in order to ftrike an Objett above or 
below the Horizon. 3 


twas formerly theOpinion of thofe concerned 
in Artillery, that there was a certain requifite 
of Pouder for each Gun, andthat in Mortars, 
where the diftance was to be varied, it muft 
be done by giving a greater or lefler Eleva- 
tion to the Peice. But now our later Expe- 
rience has taught us that the fame thing may 
be more certainly and readily performed by 
increafing and diminifhing the quantity of 
Pouder, whether regard be had to the Execu- 
tion to be done, or to the Charge of doing it. 
For when Bombs are difcharged with great 
Elevations of the Mortar, they fall too Per- 
pendicular, and bury themfelves too deep in 
the Ground, to do all that damage they 
might, if they came more Oblique, and broke 
upon or near theSurface of the Earth ; which 
is a thing acknowledged by the Befieged in all 
Towns, who unpave their Streets, to let the 
Bombs bury themfelves, and thereby ftifle the 
force of their Splinters. A Second Convent- 
ence is, that at the extream Elevation, the 
Gunner is not obliged to be fo curious in the 
direction of his Piece, but it will fuffice to be 
within aDegree or twoof the Truth; where- 
as in the other method of Shooting he ought 
to be very curious. Buta Third, and no lefs 
confiderable Advantage is, ia the faving the 
thaecayes ae Prince’s 
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‘Prince’s Pouder, which in fo great and fo nu- 
merous Difcharges, as we have lately feen, 
“muft needs amount to a confiderable Value. 
And for Sea-Mortars, it is fearce practicable 
otherwife to ufe them, where the agitation 
of the Sea continually changes the Direttion 
of the Mortar, and would render the Shot 
very uncertain, were it not that they are pla- 
ced about 45 Degrees Elevation, where feve- 
ral Degrees above or under, makes yery little 
difference in the Efe. ¥ | 
«Tn the precedent Dfcourfe ,° I con-. 
fidered all the Propofitions relating tothe: 
Motion of Projectiles, and gave a Salution to 
this Problem; wiz. To hit an Objet above or be- 
‘low the Horizontal Line with the createft Certain- 
ty and leaft Force, as may be feen in that Trant{- 
action, p..16,and17. That is, that the Ho- 
rizontal diftance of the Obje& heing put ==4, 
and the Perpendicular Heighth =, the 
Charge requilite to ftrike the Obje@ with the 
greateft Advantage, was that which with an 
Blevation of 45° would caft the Shoton the 
Horizontal Line,to the diftance of a 156 bb-\-p 
when the Object was above the Horizon; or 
if it were below it, the Charge muft be lefler 
fo as to reach on the Horizon, at 45°.5- 
levation, no. greater a Diftance than 
J 6b-\-bb—b; that is, in the one Cafe, the 
sum of the Hypothenufal Diftance of the Ob- 
ject from the Gun, and the Perpendicular 
Heighth thereof above the Gun; and. in the 
other Cafe, when the Objed is below the Ho- 
rizon, the difference of the fame per 47.1 Excel. 
And I then fhew’d how. to find the Elevation 
proper for the Gun fo charged, wiz. As the 
a4 Horizon- 
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Horizontal Diftance of the Objet , to the 
Sum or Difference of the Hypothenufal Di- 
ftance and Perpendicular Heighth :: So Ra- 
dius to the Tangent of the Elevation fought. 
But I was not at that time aware that the a- 
forefaid Elevation did conftantly bifeé the 
Angle between the Perpendicular and the Ob- 
ject, as is demonftrated from the Difference 
and Sum of the Tangent and. Secant of any 
Arch being always equal to the Tangent and 
and Cotangent of the half Complement there- 
of to a Quadrant. Having difcovered this, I 
think nothing can be more. compendious, or 
bids fairer to compleat the Art of Gunnery, 
it being as eafie to fhoot with a Mortar at a- 
ny Object on demand, as if it were on the Le- 
vel ; neither is there need of any Computa- 
tion, but only fimply laying the Gun to pafs, 
inthe middle Line between the Zenith and 
the Object, and giving it its due Charge. Nor | - 
is there any great need of Inftruments for this | 
purpofe: For if the Muzzle of the Mortar be 
turned truly Square to the Bore of the Piece 
as it ufually is or ought to be, a Piece of Look- 
ing-glafs Plate applied parallel to the Muz- 
zle, will by its Reflection give the true Pofi- 
tion of the Piece, the Bombardeer having no 
more to do, but to look perpendicularly 
down on the Looking-glafs, along a fmall 
‘Thread witha Plumbet, and to raife or de- 
prefs the Elevation of the Piece, till the Obe - 
‘yet appear reflected on the fame Point of the 
Speculum, on which the Plumbet falls 5.dor 
the Angle of Incidence and Reflection being 
equal, in this Cafe a Line at Right Angles to 
the Speculum, as is the Axi of the Chafe ff 
. 7 ape TORE 


ae 
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- the Piece, will bife& the Angle between the — 


Perpendicular and the Object, according as 
our Propofition requires. So that it only re- 
mains by good and valid*Experiments to be 
affured of the Force of Gunpouder, how to 


make and conferve it equal, andito know'the 


Effeé thereof in each Piece ; that is; how far 
differing Charges will caft the fame Shot out 
of it; which may moft conveniently be engra= 
ven'on the outfide ‘thereof; as a ftanding Di 


- -getion to,all Gunners, who fhall from thence 


forward have occafion to ufe that Piece: And 
were this Matter well afcertained, it might 
be worth the while to make all Mortars of the 


like Diameter as near as may be, alike in ~ 


length of Chafe, Weight, Chamber, and all 
other Circumftancess: 216° CF od) int otal 
This Difcovery that the utmoft.Range on 


_ an inclined Plane, is, when the x1 of the 


Piece makes equal Angles with the Perpendi+ 
cular and the Obje&, compared: with what I 


have demonftrated of the fame Problem in 


the aforefaid Difcourfe does lead to and 
difcover two very ready Theorems ; the one, 
to find the greateft Horizontal Range at. 4s? 
Elevation, by any Shot made upon-any incli- 
ned Plane, with any Elevation of the Piece 
whatfoever: And the other to find the Eleva- 
tions proper to ftrike a given Obje&, with a- 
ny Force greater than what. fuffices to’ reach 


‘it with the aforefaid middle Elevation: Both 


which being ‘petformed by one: fingle Pro- 
portion, may be very ferviceable to fuch 
as are concerned in the Practice of Gunnery, 


‘but are unwilling to trouble themfelves with - 


tedious 
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tedious and difficult Rules. The two Propo- 
fitionsare thefe. © | 


PROP.) |. 


_ AShot being made on’an inclined Plane, ha- 
ving the Horizontal Diftance of the Obje& it 
ftrikes, with the Elevation of the Piece, and. 
the Angle at she Gun between the Obje@ and - 
the Perpendicular ; to find the greateft Hori- 
zontal Range of ‘that Piece, laden with the 
fame Charge ; that is, half the Latus reétums 
of all the Parabole made with the fame Jm- 
petus. . 

| RULE. 


Take half the Diftance of the Obje& from 
the WWadir, and take the Difference of the gi- 
ven Elevation from that half; the Verfed Sine 
of that Difference fubtraG@ from the Verfed 
Sine of the Diftance of the Obje& from the 
Zenith: Then fhall the Difference of thofe Ver- 
fed Sines be to the Sine of the Diftance of the 
Object from the Zenith, as the Horizontal 
Diftance of the Obje& ftrook, to the greateft 
Horizontal Range at 45°. 


PROP. NW. 


Having the greateft Horizontal Range of'a 
Gun, the Horizontal Diftance and Angle of 
Inclination of an Obje& to the Perpendicular, 
to find the two Elevations neceflary to ftrike 
that Objed. 33 : 


RU LF: 


Mifcellanea Curiofa. 293° 
Se ac ee 


Halve the Diftance of the Objet from the 
Nadir ; this half is always equal to the half 
Sum ofthe two Elevations. we feek.. Then 
fay, As the greateft Horizontal Range 1 to the 
Horizontal Diffance of the Object : So w the Sine 
of the Angle of Inclination or Diftance of the Ob- 
ject from the Perpendicular, to a foprth Propor- 
‘tional, which fourth being fubtratted from the 
Verfed Sine of the Diftance of the Object from the 
Zenith, leaves the Verfed Sine of half the Diffe- 
rence of the Elevations fought; which Eleva- 
tions are therefore had by adding and fubtratting 
that half Difference to and from the aforefaid half 

I fhalf not need to fpeak of the Facility of 
thefe Solutions, I fhall only obferve that they | 
are both General, without Exception or Cau- 
tion, and derived from the Knowledge that 
thefe two Elevations are equidiftant above 
and below the Line, bife@ting the Angle be- 
tween the Objet and the Zezith. oi 
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A Difcourfe concerning the Mea-. 
_oofure of the Aurs refiftance to Bo; 
dies moved in it. By the Lear. 
ned John. Wallis, .S.Z.D. and 
SURG Sobor, S88 so" huey Freie rainy 


YH AT the Air (and'the like of any o- 
& ther Adium) doth confiderably give 
refiftance to Bodies moved in it ; (and doth 
thereby abate their Celerity and Force:) is 
generally admitted. And Experience doth 
atteft it: For otherwife, a Cannot-Bullet pro- 
jected Horizontally, fhould ( fuppofing the 
Celerity and Force :undiminifhed) -ftrike ‘as’ 
hard againft a perpendicular Wall, ereGed at: 
a great diftance, as near at hands which we 
finddt dothinot.22.o°: eieRsewala Grr o<iort 
2. But at what Rate, or in what’Propors 
tion, fuch refiftance -is; and (¢confequently;: 
at what Rate the Celerity and Force is con- 
tinually diminifhed) feems not to have been 
fo well examined. Whence it is, that the 
Motion of a Project (fecluding this Confide- 
ration) is commonly reputed to defcribe a 
Parabolick Line; as arifing from an uniform 
or equal Celerity in the Line of Projeétion, 
and a Celerity uniformly accelerated in the 
Line of Defcent ; which two fo compounded, 
do create a Parabola. | 7 


3+ ty 
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_ . 3¢In order to the Computation hereof, I 
-  firft premife this Lemma, (as the moft ratio- 
nal that doth occur for my firft footing,) That 
({uppofing other things equal) the refiftance 
is proportional to the Celerity. For ina dou- 
ble Celerity, there is to be removed (in the 
fame time) twice as much Air, (which is a 
double Impediment) in a treble, thrice as 
much ; and foin other Proportions. ; 
_ 4. Suppofe we then the Force impreffe 
(and confequently the Celerity, if there were 
No refiftance) as 1 5. the refiftance asr. (which 
muft be lefs than the Force, or elfé the Force 
~ would not prevail over the Impediment, to 
create a Motion.) And therefore the effective 
Force at a‘firft Moment, is to be reputed as 
_ i-r: That is, fo much as the Force impref- 
fed, is more than the Impediment or Refi- 
ftantes) sexdeols am at beterilcomsh oF 2 
§- Beit as1-r to 1; fo one to m. (which 
mis therefore greater thant.)). 095” 
6. And therefore the effective. Force (and 
confequently the Celerity) as to a firft Mo- 
ment, is to be m of what it would be, had 
there been norefiftance. © 5.5 5. )) 
7. This m is alfo the remaining Force af- 


ter fuch firft Moment ;. and this remaining 
Force is (for the fame Reafon) to be propor- 
tionally abated as to a fecond Moment ; that 


is, we are to take m thereof, that is mm of 
the imprefled Force. And for a third Mor 
ment (at equal diftance of time) m m ms; for 
a fourth m* ; and fo onward infinitely. 

| 8. Becaufe 
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8. Becaufe the length difpatched (in equal 


times) is proportional to the Celerities, the 
Lines of Motion (anfwering to thofe equal 


Times) are tobe as m, m*, m3, m*, ec. of — 
what they would. have been, in the fame 
Times, had there been no refiftance. 


g. This therefore is a Geometrical Progref- 
fion; and (becaufe of m greater than 1) con- 
tinually decreafing. 


10. This decreafing Progreffion infinitely 
continued (determining in the fame Point of 
Reft, where the Motion is fuppofed to ex- 
pire) is yet of a finite Magnitude 5 and equal 


to m—1 of what it would have been in fo 
much Time, ifthere had been no refiftance. 
Asis demonftrated in my Algebra, Chap. 95. 
Prop. 8. - For (as I have elfewhere demonftra- 
ted) the Sum or Aggregate of a Geometri- 
| TS! Ges 
cal Progreflion i (.fuppofing Y the 
greateft-Term, .4 the leaft, and R the com- 
mon Multiplier.) That is — — & 
Now in the prefent Cafe, (fuppofing the Pro- 
 greffion infinitely continued) the leaft Term 
A, becomes infinitely {mall, or== 0. And 


confequently doth alfo vanifh,and there- 
by the Aggregate becomes =—* - That is 


(as 


no refiftance. 
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(as will appear. by dividing RenyRva-k, Wwe 


: V 
VR by RTM be yp ay RM 
Ractive thy hm 

pars ey ik a nay” Mee 
KR rat ad? “RAY? tee abe: 
(fuppofing, the Progreffion R. 
to begin at V==1.) That is | ee 3 
(dividing all by 2, that fo ~ fia 
the Progreflion may begin ee Aa: R 
at mote 5. Wee eS vist , ee 

RT wel Rena RAR, TR RE 
+e -©c. That is,in our : Wy 
prefent Cafe (becaufe of a TRR 
V=], Sea gee aed m3 Co 


&c. = m—1. That is, (putting z==m—1).2 
of what it would have been if there had been 

11. This infinite Progreffion is fitly expref= 
_ fed by an Ordinate in the exterior Hyperbola, 
parallel to one of the Afymptotes ; and the 
feveral Members of that, by the feveral Mem- 
bers of this, cut in continual Proportion, As 
is there demonftrated at Prop. 15. For let 
S H, (wid.Fig. 4. Tab.§.) be an Hyperbola be- 
tween the Afymptotes 4B, AF: And let 
the Ordinate DH.(in’ the exteriour Hyper- 
bola, parallel to"4F,) reprefent the impref= 
fed Force undiminifhed , or the Line to be 
defcribed in fuch time, by a Celerity anfiwe- 


_ Table to fuch undiminifhed Force. “And let 
BS (a like Ordinate) be m thereof: which 


therefore, being lefs than DH (as being e- 
qual toa Part ofit) will be farther than it 
rom AF. In AB (which | put=1 ) let 
Bd be fuch a Part thereof, asis BS of D ¥. 


Now 
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Now becaufe (as is well known) all the infcri- 
bed Parellelograms, in the exterior Hyper- 
bola, 4S, AH, @ec. are equal; and there- 
fore their fides reciprocal : Therefore as 4d 


—1— m (fuppofing Bd tobe taken, from 
B toward A,) to 4 B=1, (or asm—1 to 
m:)fois BS 


LV pom pope 
db, which is me ses 
therefore e- m 
qual tom—1 ater 
of D H; that = 
is (as will ap- - a 
pear by divi- + —-— 
ding 1, by m — ish LOS 
mm -\-m? ‘og pane | ites 1 
Gf DAE © 227007 T NEN _— 
_~! Or if Bd be 1 iS 
taken beyond ff vat HRs 
B;thenas Ad- BRR ETE 


itm, to, 4 toy tet ee ; 3% 
AB=1, orasm+'t to m, fo is m DH to 
dh, which is therefore equal to m at DH; 
that is (as will appear by like PaNgas of 1 by — 


72. Let fuch. ordinate @ 4, or (equal to it 

in the Afymptote) 4 F, be fo divided in 
L, M, N, &c. (by Perpendiculars cutting the 
Hyperbola in/, m, 7, 6.) asthat FL, a 4: 


aay 
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M1 N be as m, mm, m> Gc. That is, fo con- 
tinually decreafing, as that each Antecedent 
be to.its Confequent, as ito m, or.as m to 
Ia SCC Fie, eo Lap, & | | 
_ 13. This is done by taking AF, AL, AN, 
@c. in fuch proportion. For, of continual 
Proportionals, the differences are alfo conti- 
nually proportional, and in the fame propor- 
tion. For let .4,B,C,D, ec. be fuch Propor- 
tionals, and their Differences 4,b,c, ee. That 
is A— Boa, B—C==b, C—D, == c, Ge. 


Then, becaufe A,B,C,D, @c. are in con- 
tinual proport. | | 

That is A.B: B.C: C. Ds ee. 

And dividing A-<B.B::B—C.C:C—D: 
D: @e. | 


That is 4.B3b.C::d.D:@e. 

And alternly 4. b.¢. Gc. B. C.D. Ge.: 
A. B.C. @e. : 

That is, in continual proportion as A to 
B, or as m to I. 3 


14 ‘This being done; the Hyperbolick 
Spaces Fl, Lim, Mn, &e. are equal. As is 
_ demonftrated by Gregory San-Vincent ; and as 
- -fuch is commonly admitted. 

¥§: So that Fl, Lm, Mn, Gc. may fitly 
reprefent equal Times, in which are dif- 
patched unequal Lengths, reprefented by FL, 
LM, MN, &c. 

16. And becaufe they are in Number infi- 
nite (though equal to a finite Magnitude) 
the Duration is infinite: And confequently 
the impreffed Force, and Motion thence ari 

| é fing, 
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fing, never to be wholly extinguifhed (without 
fome furtlier, nae but. perpetually ap= 
Sete Morsd » inithe Retest 0 yee 


Ge. in Gboretricet Sari effion mers ing. 
bad igs + ‘Becaufe FL, LM, MN, Gc. are as. 


7 On Ts cast | Bes Gnfinitely)» terminated at 
By be therefore (by- 10)-their"Agerepate FA 
or d b, isto D H, (fo much Length as would 
have. been: difpatched,; in} the fame:'time, ‘by 
fuch impreffed Force undiminifhed): asit to 
M— Beh Oe OO. GA eijsuT 
-19.- If therefore! we takes agit fo vy Sn AF 
to DHA; this will reprefent the Leneth. to be 
difpatched, in .the fanie: F gan by fuch: suridi- 
minifhed Forces :: 1 yirisiis baAé. 
20. And if fuch D HH be fuppo isa to.be di- 
videdhinto equakParts;innwmerable i(and:there- 
fore infinitely finall : -) thefe anfwer to .thofe 
(as many) Parts unequal in FA, orh a 3 
‘24t6:Buty whatas the. Propoition: of i tom, . 
or, (which: “depends on) it) ‘of Isr tO apor 
Itowes remains. tae be: recta by: apes 
ment. UGHTMOO ef hives 
22. df-the,Rrogr ffion. be not infihitely con 
cede esbyipiend sCuppoke) ated, 2antb ats: 
legit Bes bist AGN l ithe Oat! of; 


— ieee =}, Co. ‘Is to be fub> 


£ 


kee L agli Viniai * 
PS ibs bide t 
‘Bie IR: ae aa iS atl i Gas, by.Di, 
D> Y s20H2 noroM! i bas & eveid oT bolts rk on 
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* ft ek ; 
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And thus.as to. the. Line of Projection, in 
which (fecluding the Refiftance,) the Motion 
is reputed uniform; difpatchiag equal Lengths 
in equal Times.!o Confider we next the Line 


of Defcent. ... 231 yc 


(23. In the Defeat of Heavy Bodies, itis 


fuppofed that to each Moment of Time; there 
is fuperadded 2 new  Invpulfe of “Gravity to 
whatwas before »:And?‘€ach: of ‘thefe, feclu- 
ding thé Confidération-‘of the Air’s Refiftance, 
to proceed a me (from their feveral begin= 
glithe fucceeding Monients. “SAS 
Gin the ereQebines)-r! 14 @elpped 10 oni 
Hoot woGe; a Ke.-and foconting-) 1. 
aliy asin the Line.of Proje@ion...... 1-1. 
“24. Hence arifeth (in the tranf- 1 
verfe Lines) for the fire Moment. 1 
1, for the, fecond 1 - t,. for the. .@e, _- 


Avithmetical. Progteffion: “As ate thé Ordis 
nates ina Triangle,»at equal diftance.. 

25. And fuch aré the cotitinual Increments 
of the Diameter, or of the-Ordingtes-in’ the 
exterior Parabola, anf{wering tothe interior 
Ordinates,, on Segments of the Fangent, e- 
qually,\increafing 5. as iscknown, and com- 
monly adimittedsiag oa oSlodqél el tage 01 
“ “ar 26. If 


5 25 4 x 
ae iad) a 
Ne 
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26. If we take in the Confideration of the 
‘Air’s Refiftence ; we are then for each of thefe 
equal Progreflions, to fubftitute a decreafing 
Progreffion Geometrical ; in like manner (and 


for the fame Reafons) as in the Line of Pro- 
jection. . | 


27. Hence arifeth, for the - 
~ > 
firft Moment m ; for the fe- ES : fs 
cond m + ms for the third 5 : i ra 
m+m*>-+m? ec. And fuch be Bos cr 2 


is therefore the Defcent of 
a heavy Body falling by its 
own weight. The feveral Impulfes of Gra- 
vity being fuppofed equal. | 

28. That is (in the Figure of { 12) as FL, 
F.M, FN, @c. in the Line of Defcent, an- 
fwering to FL, L 4,4 N, Gc. in the Line 
of Projection. 

29. But though the Progreffions for the 
Line of Projection, are like to each of. thofe 
many in the Line of Defcent ; itis not to be 


thence inferred, that therefore m in the one; 
is equal to min the other : But in the Line of 
Projection ( fuppofe). ~— f Cfuch a Part of the 
Force impreffed, anda Celerity anfwerable:) 
in the Line of Defcent, —g fuch a. Part of 
the Impulfe of Gravity. — Pots ; 
30. Thofe for the Line of Defcent (of thé 
fame Body) are all equal, é€ach to other: Be- 


caufe ¢ (the new Impulfe of Gravity)-in each 
Moment is fuppofed to be the fame. 


31. Bu€ 
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- 31. But whatis the Proportion of f to g 
(that of the Force impreffed, to. the Impulfe. 
of Gravity in each Body) remains to be inqul- 
red by, Experiment. Late! he 
32. This Proportion being found as to one 
known Force ; the fame is thence known as to 
any other Force (who’s Proportion to this is 
given) inthe fame uniform Medium. q 
33. And this being knownas to one Afedi- 
um ; the fame is thence known as to any other 
Medium, the Proportion of whofe Refiftance 
to that of this is known. | J 3 
_ 34 Ifa heavy Body be projected downward 
ina perpendicular Line;it defcends therefore at 


the Rate m, mm, m3, Gc. of f (the impref- 


fed Force, increafed by m, m+ m*, m + m* 
“m3? @&e. of g the Impulfe of Gravity, (by 
€ 7. and € 27.) Becaufe both Forces are here 
united. A “ os 

3§- If in a perpendicular Projection up- 
wards 5 it afcends in the rate of the former, 
abated by that of the latter. Becaufe here 
- the Impulfe of Gravity is contrary to the Force 
imprefied. ; 

36. When therefore this latter (continu- 
ally increafing) becomes equal to that former 
(continually “decreafing ) it then ceafeth to 
afcend; and doth thenceforth defcend at the 
rate wherein the latter continually exceeds 
the former. | aloha 

37- In an Horizontal, or Oblique. Proje- 
ction: Iftoa Tangent, whofe Increments are 


as FL, LM, MN, Cc. that is as— fy rc. be 


fitted Ordinates (at a given Angle) whofe . 
£3 Incre- 


| gent. 
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. Nears are: asoFL; F AM, FN, '&c. ‘that 
is, as = ale Cc, ‘The Curve antiveriag, to the 


Compound of thefe Motions," is ‘that Where: 
in the Project is to move? | 0: 

138. This’ Curve (being nicheres’ whetiont a 
ame) may” be Called “Lines Projettoriims the 
Line of Projeéts}- of things: projetted which 
refembles a Parabola’ deformed. . 

189. IChe! Celerity and Tendencysias tb each 
Polat! of this Ding, is deteritiined By at 1 Tangent 
at that Point. — 

‘gol "And that again which: it fries the 
Beaten Stroke? or Percuffion, ‘is that! which 
€at.that Romt)1 is,at mene, Angl es to that Tan- 


Syt: OF che Pr ojedtiont’ ‘(at $29) be hot tat 
finitely continued, ' but'terniinate (fuppofe) at 
JN; fo thatthe lat: Terny in ‘che firft Goluma. 
or Series erect, be 2; and confequently:1 tn the 
feconds was in’ the third, it in 4, Cc. Ceach 
Series having’ one Term fewer than'that be. 
fore it :)then (for the Gime Reafons as at 4 
22.) ‘the Absregates of the feveral ‘Columns 
{or erect Series) will. be. scrape ieee 


en and fa forth, till ‘(che Multiple. of 


“a becoming = 1’) the Progreffion’ expire. 

"42. Now all the Abatemeénts ‘here, %, 7 4, 
mm a, Gc. are the fame with the Terms’ ‘of 
“the firft Column! taken backward ‘For 4. is 
the laft, m a ane next before it; “and: for ns 
the reft: fteds So AN 


~ 


0, fo ‘hs 
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a4 3.’ And the Aperegate of all the Numeta- 
tors is fo many times 1, as is the Number of 
Teri ms Cfappofe ty) wanting. the frit Column 5 : 


~ pA pte aaa 


that i ist 9 on 3 Sand. this again 
divided by. the common, Déhomingtor Ry bee 

sige | apf 
comes: Laat ‘land therefore’— 


2 | 
Ly is the Line of Defeent by. its own: Gra- 


vity. 

44s Tf therefore this ‘be ae ta a. . projed- 
ing Force.downward in a Perpendicular 5 Or 
fubduéed from. fuch projeCing .. Force : up- 


ward ; : ‘that i is, to or from i ot fs The De- 
ede in the” fig cafe will, be £ Ff oe 


eo eomale tal 
par antl : and the Attent j in. ‘the other cate 


oe. RSTO as: 
—— f= ma outta “And i in “Vo aiice 


Cafe, when the ablative Part becomes equal 
to the pofitive Part, the Afcent is at the high- 
eft; and thenceforth (the ablative Part ex- 
ceeding the pofitive ):it will deftend.” oe. 

4.50 in an Seri ae ‘or Oblique Projedtion ; : 


— fi in the Ling of Projection, 


at me ee 4 


having taken 


and thence on the Angle given): near 


gin the Ling of Defcerit: the Point in the urve 
anfwering’to theft, ‘is. the Place of the Project 
anfwering: to that Moment. 7 


a, a ied § RA ED a Pe 
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46. Iam aware of fome Objections to be 
made, whether to fome Points of the Procefs, 
or to fome of the Suppofitions. But I faw not 
well how to wave it, without making the Com- 
putation much more perplex’d: And in a 
Matter fo nice, and which muft depend upon 
Phyfical Obfervations, "twill be hard to attain 
fuch Accuracy, as not to ftand in need of fome 
Allowances. 

47 Somewhat might have been farther ad- 
ded to direct the Experiments fuggefted at 
21, and 31. But that may be done at leifure, 
after deliberation had, which way to attempt 
the Experiment. i 

48.. The like is to be faid of the different 
refiftance which different Bodies may meet 
with in the fame Adedium, according to their 
different Gravities (extenfively or intenfively 
confidered) and their different Figures and 
Pofitions in Motion. Whereof we have hi- 
therto taken no account; but fuppofed them, 
as to all thefe, to be alike and equal, = 


Poft-fcript. 


49. TheComputation in © 41, 42; 43, may 
Gif that be alfo defired) be thus reprefented by 
Lines and Spaces. The Ablatives 2, m a, 
mm a,@c. (being the fame with the firft Co- 
lumn taken backward) are fitly reprefented 
by the Segments of WF (beginning at A’) in 
Figure 5. and 6. and therefore by Parallelo- 
grams on thefe Bafes, affuming the common 
height of Fb, or NQ; the Aggregate of 
which is Wh,or FQ. And, fo many times 
1, by fo many equal Spaces, on the fame 33 

C35 
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fes, between the fame Parallels, terminated at 
the Hyperbola : The Aggregate of which is 
 bFNQ xn. From whence if we fubdud the 
Ageregate of Ablatives FQ; the remaining 
trilinear.) Q , reprefents the Defcent. ~ 
go. If to this of Gravity, be joined'a pro= 
jecting Force; which is to the Impulfe of 
Gravity as b K to hF (beit greater, lefs, or 
equal) taken in the fame Line; the fame Pa- 
rallels determine proportional Parallelograms, 
whofe.Ageregate is KQ. © se 

g1. And therefore if this be a. perpendicu-- 
lar ProjeGtion downwards; then) Kk~w# (the 
Sum of this with the former) reprefents the 
Defcent. | 

42. If it be a Perpendicular upwards ; 
then the difference of thefe two reprefents the 
Motion ; which fo longas K Q is the grea- 
ter, is Afcendent; but Defcendent, when 
b Qn becomes greater; and it is then at'th 
higheft when they be equal. os 

53. If the Projection be not in the fame 
Perpendicular, (but Horizontal, or Oblique) 
then KQ reprefents the Tangent of the 
Curve; and 4O2x the Ordinates to that 
Tangent, at the given Angle. SD 

54- But the Computation before given, | 
take to be of better ufe than this Reprefen- 
tation in Figure. Becaufe in fuch Mathema- 
tical Enquiries, 1 chufe to feparate (as much 
as may be) what purely concerns Propor- 
tions ; and confider it abftra@ly from Lines, 


er other Matter wherewith it is incumbe:- 
red. 
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3s As'to the Queftion' propofed $ whether! ehe- 
refiftance of the ALedium do not ‘always’ take 

off fuch a’ proportional part of the Force mo- 


ving'through it,:as is thé fpecifick Gravityof 


the Medium to that of the Body moved in it? 
for, iffo, it will: fave us the trouble: of @b- 
T.think this can’ by no means be’ admittéd: 
Bor there be many other things of Confidera 
tion herein; befide the intenfive Gravity (or, 
as fome call it, the, fpecifick Gravity) of ‘the 
Medianyrsy, = 3d elt i oxolovily DUA .7Q 
“A vifcous Adediam Thall “ihore “refft;: than 
one more fluid, thotigh of like intenfive Gra- 
vity. Neh ee | 
‘Anda fharp Artow fhall'bore his way more 
eafily through the Adedium}: than a blind 
headedBolt,. though of equal Weight;/and 
like intehfive Gravity (ood oe et cist 
o/ Aad the fanié Pyramid with the Point, that 
with the Bafe forward © 1 iodw Sodgid 
ind many other! like Varieties, interided 
inaMmyup 4B, A ssoNrIess JG) bE uDAgo 
> Butthis Tthink may ‘be admitted; naniely; 
That different Mediums} equally liquid, ?¢and 
other Circunfftances alike,) doin fuch'propor- 
tion refift; asis their intenfive Gravity. }Be- 
caufe there is,’ in'fuch proportion, a heavier 
Object’ to’ be'removed, by the fame Force! 
Which is one of. the things to which’ € 33 
refeeii ciiooaoa, ylowiq: Jedw Gos) years 
And ‘again: “The heavier Proje ‘oncdidi 
Motion,’ (beifig “equally fwift, ‘and all othe? 
Circumftances alike) moves through the fanie 
Medium in fuch proportion more ftrongly, as 
is its intenfive Gravity. For now the Force 
is 
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isin fuchsproportion greater, for the remo- 
val of the fame refiftance. And this Part of 
what 4 my 32 infinuates. | 

But where there isa Complication. of. thefe 
Confiderations one. with another, and’ with 
many other.Circumftances,' whereof. each is 


feverally to be.confidered 5 there muft be, ree 
ae had to all of them. 


= 


tre ; a oe 
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“in Inflance of the Excellence of the 

~ Modern Algebra, im the Refolu- 

tion of the Problem of finding the 
Foci of Optick Glaffes univerfally. 
By E. Halley, S. RS. | 


HE Excellence of the Afodern Geometry 
is in nothing more evident, than in 
thofe fulland adequate Solutions it gives to 
Problems ; reprefenting all the poffible Gafes 
at one view, and in one general. Theorem, 
many times comprehending whole Sciences 5 
which deduced at length into Propofitions, 
and demon{trated after the manner of the 
Ancients, might well become the Subjects of 
Jarge Treatifes: For whatfoever Theorem 
folves the moft complicated Problem of the 
kind, does with a due Reduction reach all the 
fubordinate Cafes. Of this I now defign to 
give a notable Inftance in the Doétrine of 
Dioptricks. | | 
This Dioptrick Problem is that of finding 
the Focus of any. fort of Lens, expofed either 
to converging, diverging, or parallel Rays of 
Light, proceeding from, or tending toa gi- 
ven Point in the 4xz of the Less, be the Ra- 
tio of Refrattion what it will, according to the 
Nature of the tranfparent Material whereof | 
the Lezs is formed, and alfo with allowance 
for the thicknefs$ of the Levs between the Ver- 
frces 
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_ tices of the two Spherical Segments. This 
Problem being folved in one Cafe, mutatis mus 
tandis,will exhibit Theorems for all the pofli- 
ble Cafes, whether the Leas be Double-Cous 
. vex Or Double-Concave, Plano-Convex, oar Plano~ 
Concave,or Convexd-Concave which fort are ufu- 
ally called Azenifci:But this is only to be under- 
Stood of thofe Beams which are neareft to the 
Axis.of the Lens, fo as to occafion no fenfible 
difference by their Inclinatiomthereto; and 
the Focus here formed, is by Dioptrick, Writers 
commonly called the principal Focus; being 
that of ufein Telefeopes and Adicrofcopes. - 
Let then (inFig.7.Tab. 5.) BES be a double 
Convex Lens, C the Center of the Segment 
EB, and K the Center of the Segment. BS, 
Bs the thicknefs of the Leas, D a Point in the 
Axis of the Lens; and it is required to find the 
Point F, at which the Beams proceeding from 
the Point D, are collected therein, the Ratio 
of Refraction being as m to 7. Let. the di- 
{tance of the Object DB==DA==d (the Point 
A being fuppofed the fame with B, but taken 
at a diftance therefrom, to prevent the coin- 
cidence of fo many Lines) the Radius of the 
Segment towards the Obje& CB or CA=r, 
and the Radius of the Segment from the Ob- 
‘ject K6 or Ke==e 5 and let BS the thicknefs of 
the Lens be =r, and then let the Sine of the 
Angle of Incidence DAG be to the Sine of the 
refracted Angle HAG or CA@ as m to z: And 
in very fmall Angles, the Angles themfelves 
will be in the fame proportion; whence it will 

follow that, | 
As d tor, fo the Angle at C tothe Angle. 
at D, and.d-tr will be as the Angle of ees 
ae | ence 
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dence GAD; and again asm toin, fo d+r té 
= thst acy which will be as the Angle GAH= 
CAG; This tes taken eles ACD which i is 
2? analogous to the 


as. dy. will leaye ‘= 


Angle AeD ; Ava thie Sides being in this Cafe 
proportional to the Angles they fubtend, it 
will follow, that as the Angle AgD is to the 
Angle ADe, fo is ‘the Side’ AD or BD 10: Ae 
re m and 

or Bo :- That i is, Be, will be = Cath, eipogttis 
_ which. fhews j in in what Point the Beams pro- 
ceeding from D, would be collected by means 
of the firft RefraGion ; ‘butif #r-cannot be 
fubftrated from ‘md, it follows. that the 
Beams after Refraction do {till pafs on diverg- 
ing, and the Point 9 ison the fame fide of the 
Léns beyond D, But if #r be equal to 
m~nd, then they proceed parallel to’ the 
Axis, and the Point @ is epuisn: diftant. 


“OPH Pointe ‘being est as before, and 
B aria being: piven, which we will. call d) it 
follows by a Procefs like the former, that BE, 
or, the: ocal Diftance fought, is equal. to 


~ Cb =f And in: the room of J 
rae 


md | 
ree BBs = = chee a ee pute 


sng 4 for = 


lowing frase will arife, te 

tonm pare rndercapre th ~«, Lf 

Wh. pir cy ie np rer mad: elas C03 
Which 


— after due: Reduction this fol- 


t riot ti yes 
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Which-Theorem, however it may. feem opes 
rofe, is not fo, confidering the great, Num- 
ber-of Data that eater the Queftion’ 5 and, that 
one half of, the ‘Terms. arife. from. our taking 
‘in, the thicknefs- ‘of. the, Leas,, which)-in- molt 
~ Cafes cam produce nongreat: Bie; however 
it was neceflary. to, confider it, to make. our 
Rule perfect. Af therefore the-Lens confift of 
Dali iywhofe, Refraction i is as. 3-t0 2, “twill be 
brs CBAC aries 2 3 

“ge de— 6,7 ea th2 r Pais “af IfofWa- 
rap ‘whofe Riefraétion i 2 aS.4- a we Theoret 
TIDAL O—3 a4etTornet 
will and thus- . es tig de mcrae 
= ar Afit could, beimade of Diamant, whofe 
Refr action is. as. §..to. 2, ite would: be 
f3i SULA LS | ad pe-keree ee aby 
jdirpagderdtshe—gdetarea ft 
And thisis the univerfal Rule for the’ Foci: of 
~ double Convex Glaffes expofed. to. diverging 
Rays... But if the thicknefs of the Lens be re- 
jected as’ not Feat le, the Rule will be much 


par 
horter, wig ar irra ppv Lael or in Glafs 


iepodaoe: 7 
a Dare 


= f. all the Terms wherein 


'. t-isfound being‘omitted, as equal to-nothing. 


In this Cafe, if d be fo fimall, as that 27¢. 
exceed 27 * de, then-will it be fy Or the 
Focus will be Negative, which fhews that: the 
Beariis ative 1 ifiet" eee Till. ome f di- 
verging. vt 


To bring this to the other exis, as = cons 
verging Beams, or of Concave Glafles, le 
. Ru e 


sa] 
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Rule is ever compofed of the fame Terms, 
only changing the Signs of + and —; for the 
diftance of the Point of Concourfe of conver- 
ging Beams, from the Point B, dr the firft 
- Surfacé of the Les, I calla negative diftance 
or — d; and the Radius of a Concave Lens I call 
anegative Radius, or—r if it be the firft 
Surface, and — °c, if it be the fecond Surface. 
Let then converging Beams fall on a double 
Convex ohGlats, and the Theorem will ftand 
thus. a 7 : — sai= Tt Awhich fhews that 
in this Cafe the Focus is always affirmative. 
If the Lens were a Menifcus of Glafs, ex- 
pofed. to. diverging Beams, the Rule is 
SFE Tor ar i Pohichs afimativewhen 
ire is lefsthan dr—d ¢.otherwife negative: 
But in the Cafe of converging ae falling on 
) ‘f : So ve “ST 2ar ee 

as fame Meni/cus, Zee be Ac gee) oer 
and it will be +f, whilft 4 ¢-—d r is lefs than 
2vre-+ but if-itbe greater than 2re¢, it will 
always be found negative or —/f. If the Lens 
be double Concave, the Focus of converging 
Beams is negative, where it was affirmative in 
the Cafe of diverging Beams on a double Con- 


moO FE a. Yr @¢ oh 5 = 
VEX> to “Pd rc de—2 re == fs which Is af. 
firmative only when 2r¢. exceedsdr-\des 


But diverging Beams pafling a double Con- 
cave, have always a negative Focus, viz. 


“2a Pe Bef 
“Hide granary sks 


The 
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The Theorems for converging Beams, are. 
principally of ufeto determine the Focus re~ 
fulting from any fort of Lens placed in a Te- 
lefcope, between the Focus of the Objed-glafs: 
and the Glafs it. felf; the diftance between. 
_ the faid Focus of the Objeé-glats, and the’ 
interfpofed Lens being made==—-d. 5. - : 
there fuppofe my Reader acquainted with. 
the Rules of Analytical Multiplication and: 
Divifion, as that ~: multiplied by -F makes: 
the Product “|, - by — makes —, and’— by 
takes +, fo dividing -“ by -- makes the’ 
Quote 1", -b by — makes—, and — by — makes’ 
“t, which will be neceflary to be underftood: — 
inthe preceding Examples. 9 ~ * g OF es 
_ incafe the Beams are parallel, as. coming 
from an infinite diftance, (which ‘is fipncled 
in the Cafe of Telefcopes) then will’ 4 be 
fuppofed Infinite, and inthe Theoren? 
spt 3 : =a the Term pre vanithes, ag 


wee 


being finite, which is no part of the other in? 

finite Terms ; and dividing the remainder by 

the infinite Part d, the Theorem’ will’ ftand 

thus nem = f, or in Glaf, teal N9Vig, 
An cafe the Lezs were Plano-Convex expofed 
to diverging Beams, inftead of P42". , 

r being infinite,it wil! be 24 £2 ce pings 


aay tet ecink. |” 
If the Lens be Double-Convex, and +” be 
equal to e, as being formed of Segments of 
4 Aa equal 


- r 


386 =Mifcelanea Curiofa. 

cana saers thaw ge pF 
reduced to $y ae =f; and in cafe d be inf- 
nite, then it will yet bé farther contragted to. 


3 pr, and p being == the focal diftance 


in, Glas will bes=r,in. Water 117, but'n, 

TRC ea rae Si ea a 
_d am fenfible that thefe Examples are too 
much for the compleat Analyft, though I fear 
too little. for the Jef Skilful ; it being very 
hard; if poffible, infuch Matters, fo to write 
asto give fatisfaction to both; or to pleafe 
the one, and inftruct the other. ‘But this 
may fuffice to fhew, the extent of our Theo-= 
rem, and how ¢afic 4 Redudtion adapts any 


. 


one,cafe.to all the reft, 


~ Nor is this only ufeful to difcover the Focs 
from the other propofed data,but from the Focus 
‘given, we may thereby determine the diftance 
of the Object ; or from the Focus and Diftance 
siveil, we may find of what Sphere it 1s requi- 
Fie to take another Segment, to “make * any 
given ‘Segment of aliotlier Sphere ealt-the 
Beams fromthe Uiftance 4 to the Focus f. As 
tikewile from the Tens, Fotis, and “Diftance 

iven, to find the Rario: of Refraction, or, of 
mm tan; reqnifite to anfwer thofé Dara. All 
which it.is obviows, are fully.d etermined from 
the Equation: we-have ‘hitherto ufed 727<. 
paer=arft def—pre f for.to fda 


| : Pops Sis ee 
the Theorem is = ~ == d, the 
eT bai etpe pctaroreueh oP, Ski. ghs Th 

diftance of the Object. 3 00 


4 i 
ANS “¢ ine 


: ~ For 


. 
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But for pile Feaefey hsbc 

- jatter determines the Ratio of Refraction, m 
being to a as 1 “|” p to p- anes. 


L fall not expatiate on thefe Particulars, but. 


leave them for the Exercife of thofe that are 
defirons to be informed in Optical Matters, 
which I am bold to oe. are comprehended in 
thefe three Rules, as fully as the moft Inqui~ 
fitive can defire them, and in all poffible Ca- 
fes ; regard being had to the Signs 1-and —, 
asin the former Cafes of finding the Focus. 
I fhall only fhew two confiderable Ufes’ of 
them ; the one to find the diftance wheréat aa 
Object being placed, fhall by a givem Lens “be 
reprefented in.a Species as large as the Object 
it felf, which may be of fingular Ufe in draw- 
ing. Faces, and other things in their true 
Magnitude, by tranfinitting the ‘Species by a 
Gilat into a dark Room, which will not only 
give the true Figure and Shades, but.even the 
Colours themfelves, almoft as vivid as the 
Life. Inthis Cafe d is equal to f, and fab- 
ftituting d@ for f in the Equation, we shall 
have pa.reseddr-|\ dde—dper, and di- 
viding all byd.pre==dr-\de-pre, thatis, 
ra ==d 5 but ifthe two Convexities be of 


— 
ae 


the fame Sphere foasr~ ge, then will the di- 
ftance be == pry thatis, if the Lens be Glaf$ 
==2r, fo thatif an Object be placed at the 
Diameter of the Sphere diftant, in this Cafe 
the Forus will be'as far within as the Object is 

‘ Aa 2 " “with- 
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without, and the: Species reprefented thereby 

will be as big as the Life; but ifit were a Piz- 
no-Convex, the fame diftance will be==2 pr, 
or in Glafs to four times the Radius of the 
Convexity:; but: of this Method I may-enter- 
tain the Curious at. fome. other Time} 
and fhew-how.to magnifie or diminifh an Ob- 
ject in any proportion aflign’d, (which yet. will- 
be obvious enough from what is here delive- 
red). cient eka to.ereét the Obje& which 
in this Method is reprefented inverted. ~~": 
_-A fecond. Ufe is to find what Convexity or 
Concavity is required, to:make a vaffly di- 
ftant. Object. be-reprefented-at.a given Focus, 
after the one Surface of the Lens is- formed 5 
which,is but.a Corallary .of our, Theorem for 
finding, having prd,7 and f given; for d 
being infinite, that Rule becomes _ p sah fo 
that cis in Gh =, whence if f be 
be preater than 2+, e becomes Negative, and 
is the Radius of the Concave fought. 


’ Thofe that are wholly to begii-with this 
Dioptrical Science, cannot:do better than to 
read with Attention a late Treatife of Didp- 
tricks, publifhed: by W. 77olineux,. Efg; R.S.S. 
who: has.at large fhewn the Nature of Optick 
Glaffes, and the ConftruGiion and Ufe of Mi- 
crofcopes and’ Telefcopes 4 and though fome 
nicely Critical have endeavoured to-fpy Faults, 
and to-traduce the Book; yet having” long 
fince examin’d: it witht Care, Il afitmy:that af 
I can judge, tthath but twothings that with 
wipeiiy ey ea Em any 
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any Colour-may be call’d Faults; theonepan 
over-careful acknowledgment of every Trifle 
the Author had -receiv’d from. otherss- and 
the other, that he labours to make eafie this 
curious Subject, fo little underftood by -moft, 
in a, manner: perhaps. too familiar for the Lear- 
ned .Critick, and which demonftrates that it 
was Writ cum animo docendi, both which re- 
quire but very little Friendfhip or good Na~ 
ture in the Reader, to--pafs for Vertues: in an 
ARNON i bier da hk oHsduihed oe lsc MD 
.. But to return to our. firft Theorém,, which 
accounting for the thicknefS of the Lens, we 
will here again refume, vz. Sis ae te 


iy WBAE OTRO CLARE ok ois! 
mdr mde—mpre-m—adttart t 
. And tet it be required to find the Focus 
where a whole Sphere will colle the Beams 
- proceeding from an Obje@t at the diftance d: 
Here ¢ is-equal to2randr=e. And after 
due ReduGtion, the-Theorem will. ftand thus, 
m tks re 2na £ oe 2 apr-r =f; but if d be 
om wauibhzed mesg il A PF yd es 
Infanite, it is contra@ed to ord — + 
: crs er wherefore a Sphere of Glafs 
collects the Sun-Beams at half the Semi-dia- 
meter of the Sphere without it, and a Sphere 
of Water at a whole Semi-diameter. But if 
the Ratio of Refraction m to-n be as 2 to 1, 
the Focus falls onthe oppofite Surface of the 
Sphere ; but ifit be of greater Inequality it 
falls within. jo RIS Ano- 
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- Another Example fhall be when‘a Hemiz 


fphere is expofed to parallel Rays, that is, d 
and ¢ ‘being infinite, “and += 7, and after due 


f.*Fhat is, in GlafS it is at $ 7,-in Water at 
2; but if the Hemifphere were Diamant, it 
would colleé& the Beams-at ,3 of the Radius 
beyond tie Center. | Pe ee 

"“Eaftly, As to the Bfe& of tarning the two 
fides of a Lens towards an Objeét; it is evi- 
dent, that if the thicknefs-of the Lens be very 
fina, fo as that’ you negle&t it, or account 
+ =o; then in all Cafes the Focus of the fame 
Lens, to whatfoever Beams, will be the fame, 
without any difference upon the turning the 


Leus? But if you are fo curious as to confider . 


the thicknefs, (which is feldom worth ac- 
counting for) in ‘the Cafe of parallel Rays 
falling ona Plano-Convex of Glafs, if the plain 
fide ‘be towards the Object, ¢ does occafion no 
difference, but the focal diftance f=2 r. But 
when the Convex-fide is towards the Object, 
itds.contratted ‘to ‘27-4 t, fo that the Focus 
is nearer by 3 t. If the»Lens be double Con- 
yex, the difference is lefs; if a A4enifcus, grea- 
ter. If the:Convexity on both fides be equal, 
the focal length is about ~ ¢ fhorter-than 
when t= 0. dna -Afnifcus the Concave-fide 


towards the Object increafes: the.focal Length, 


bat-the Convex towards,the Object diminifhes 
jt.. A General Rute.for.the difference arifing 
onoturning-the-Lews, where the Focus is Affir- 
jnative, “is this 222522" } for double 
si Voitevosai Teast is ecsey, 

@ouvexes of differing Spheres... But. for 
Menifet 


Qe 


& 


; iy t nowt es . P ‘ : 
site #2 * ia sae} tS te Pe , 5 j 
| sasligaesvintic eatine 

>> . ‘ -+ 


. 


sash dust insiteyada 8 W 
/ oe annem AR ray i 
ear Seabees bat ene 
ak ed: uriet be 23 aepayeT POE 


maf 
eB, 


oo ie oe 


> 


ae en: she afhy ie ie 
ee ‘i.e he: eed, 


¥ 


oe 7 uta ceene Su Aten tp 


| Mifcellanea Curiofa. - 361% 
Menifci ‘the  fanie  differerce: becomes.’ 
and a gee ; of which I need. give no other 
Demonftration, but that by adue Redution 
it will fo follow. from what is’ premifed, as 
will the Theorems for all forts of 'foblems re+ 
lating to the Foci of Optick Glaffes. | ea 


= 


a os 


ADVERTISEMENT. * 


For the Advancovent of Natural P hilofop by 
and Afironomy, == 


~ A Swell as for the Benefit of all fuch Cutious 
\ and Inguifitive Gentlemen, as are wil- 
ling to lay the beft and fureft Foundation for 
all ufeful Knowledge. ee a a 
There is provided ‘a convenient large Room 
- furnifhed with all forts of Inftruments;, as Bh-— 
gines for rarefying and condenfing Air, with 
all their Appurtenences, according to the [i- 
“provement made by Mr. Hauksby, with Uten- 
ius for making Hydroftatical Experiments. 
‘Telefcopes of a ‘convenient, ‘Length, » With 
good Micrometers adapted ‘to -theim : AHo 
‘Quadrants for making Celeftial Obfervations, 
and good Movements for meafuring of Time. 
Microfcopes of the beft fort, both fingle 
and double, with Prifms of feveral fizes for 
illuftrating 


illuftrating. the New Dodtrine’ of Light afd 
Colours. : ; Lager Ye 
Where a Courfe of Natural and ¥ixperi- 


mental Philofophy and Aftronomy will begin 
in Michaelmas-Term next, and continue week- 
ly till the whole be done... By Fames Hodg fon, 
And towards the defraying and compesf{a- 
ting fo chargeable and laboriougsan Underta- 
king, it is propofed, That every Gentleman 
that intends to benefit “by it, fhall pay Two — 
Guinea’s; one at the time of Subfcription, the 
other as fhall be judged moft convenient. 
~Propofals more at large, and the Engines 
for rarefying and condenfing Air, with the 
Utenfils for making the Hydroftaties’ Expe- 
riments, may be feen at Mr. Hauksby’s,in Gilt- 
Spur-ftreet. without IVewgate,.where Subfcri- 


ptions are taken. in. 


A New Pair of Globes, 12-Inches.in Dia- 
| -meter ; the Terreftrial is according to 
‘the neweft Difcoveries and accurate Obferva- 
tions that have been made; adorned-with an 
ufeful View of the General and Coafting Trade 


‘Winds, Monfoons, c.. = 3 
The Celeftial is according to the, Catalogue 

of that Celebrated Aftronomer 7. Hevelius, 
Conful of Daptzick; its Conftellations.are cu- 
rioufly engraven, and the Magnitude of the 
Stars are“eafily: diftinguifhed, with 16. new 
Conftellations never before printed upon any 
Globe. Sold by Sohn Senex in Hemlock-Court, 
neat Temple-Bar, and Charles Price, next the 


Fleece-T avern in Cornbil.. 2 
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; ahh a S Printed for and Sold by 
Jeffery Wale, at the Angel mm 
St. Paul’s Church-yard, 1705. 


PIE Temple. Sacred Poems, and Pri- 
a} vate Ejaculations. By Mr. George Her- 

bert, late Orator of the Univerfity of Cam- 
" bridge. Together with his Life. The Twelfth 
Edition Corrected, with the Addition of an 
Alphabetical Table. oy; vr sot 
~ ‘The Wifdom of God manifefted in the 
Works of the Creation: In Two Parts. Viz. 
The He:venly Bodies, Elements, Meteory 
Fofliles, Vegetables, Animals, (Beafts, Birds, 
Fifhes and Infects) more particularly in the 
Body of the Earth ; its Figures, Motion and 
Confiftency, and in the admirable Structure 
of the Bodies of Men, and other Animals; as 
alfo in their Generation, &c. TheFourth E- 
dition, with large Additions. By Fohx Ray, 
ee ees | | 

The Plain Man’s Guide to Heaven: Con- 
taining his Duty, 1. Towards God ; 2. Towards 
his Neighbour. With proper Prayers, Medi- 
. tations,and Ejaculations: Defigned chiefly for 
the Country-man, Tradefman, Labourer, and 
fuch like. ‘The Third Edition Corredted. 

V. Cl. Andrea Tacquet Soc. Jefu Sacerdotis,& 
Mathefeos Profefloris) Elementa Geometriz 
Plane ac Solide, & Seledta ex Archimide The- 
oremata. Quibus in hac nova Editione acce- 
dunt Corollaria non pauca illuftrandis Ele- 
mentis accommodata, & varios propofitionum 

| plurimarum 


_~plurimarum Ufus continéntia. Summa cura 


emendata, .& XL Schematibus novis eri incifis 
illuftrata. A Gulielmo Whitfton, A.M. Ma- 


thefeas Profeflore Lucafiano apud: Cantabrici- | 


enfes: 
Epigrammatum Dele@us ex omnibus tum 


Veteribus, tum Recentioribus Poetis..Accura- 


te Decerptus.. Cum Differtatione de vera 
Pulchritudine & Adumbrata, in qua ex certis 
Principiis Rejeionis & Selectionis Epigram- 
matum Canfe Redduntur. Adje&ze funt Ele- 
gantes Sententie ex Antiguis Poetis parce, 


fed feveriori Judicio Selette. Cum _breviori- 
bus Sententiis feu Proverbiis..ex Autoribus: 
Grecis & Latinis, quibus hac fexta Editione,. 


fubjungitur Alterius Deleétus {fpecimen. Ex 
Nuperis, maxime Poetis ab Electoribus Preter- 
Millis in ufuin Schole Econenfis. ret : 
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